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V. CONCLUSIONS. 
INTRODUCTION. 

In recent years experimental and clinical observations have 
more and more clearly indicated a close interrelationship be- 
tween the glands of internal secretion. It has been shown that 
alterations in function of certain of the ductless glands are 
accompanied or followed by changes, not only in function but 
in some cases in histological structure, on the part of some one 
or more of the remaining members of the endocrine series. 
One of the most striking examples of this distant change in 
function and structure of one gland produced by changes in 
another is to be seen in the alterations in the genital system 
consequent upon functional disturbances of the pituitary body. 
These alterations apply not only to primary changes in genital 
function, but also to the anomalies in the secondary qualities 
of sex. Before proceeding to a discussion of the results re- 
ported in this paper, it may be interesting to review briefly our 
knowledge concerning this interrelationship. 

There have been recorded many clinical cases of pituitary 
under-function (hypopituitarism) which illustrate clearly the 
associated retrogressive changes in the genital system. Though 
Fréhlich (1901 )* was the first to describe clearly a new clinical 
syndrome of adiposity and genital aplasia other than the 
familiar acromegaly of pituitary insufficiency, it was not until 
the report of experiments done in the Hunterian Laboratory 
by Crowe, Cushing and Homans,’ that this association was 
demonstrated. 

In this condition, which has since been called, in accordance 
with the suggestion of Bartels,’ dystrophia adiposo-genitalis, 
we find, in addition to the general mental and corporeal 
changes, marked alterations in the sex glands. In fact, the 
genital anomalies—in particular, disturbances of menstrua- 
tion and libido—are oftentimes the inaugurating symptoms in 
the long series of disturbances subsequently observed. 

If the pituitary insufficiency antedates puberty we find the 
genitals hypoplastic, one of the most striking features in the 
condition now known as infantilism. The secondary sex char- 


* Frohlich, A.: Ein Fall von Tumor der Hypophysis cerebri ohne 
Akromegalie. Wien klin. Rundschau, 1901, XV, 883-906. 

* Crowe, S. J., Cushing, H., and Homans, J.: Experimental hypo- 
physectomy. Bull. Johns Hopkins Hosp., 1910, XXI, 127-169. 

* Bartels, M.: Ueber die Beziehungen von Verdnderungen der 
Hypophysengegend zu Misswachstum und Genitalstérungen (Dys- 
trophia adiposo-genitalis). Miinch. Med. Wehnschr., 1908, LV, 201. 
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acters fail to develop. In the male the body configuration is of 
the feminine type, the breasts are hypertrophied, there is a 
broad pelvis, the beard and pelvic hair are scant. Women like- 
wise show a scant growth of pubic hair and may exhibit the 
masculine type of habitus with deep voice, small breasts and 
striking hairiness of the face and extremities. 

If sexual maturity has been reached before the onset of the 
illness, the secondary sex characters may become retrogressive, 
with, for example, loss of hair of the eyebrows, of the axille 
and of the pubes. Corresponding to the retrogressive ana- 
tomical changes there is an associated diminution in function 
on the part of the sex glands. In females there may be a 
primary amenorrhea or sudden cessation of the menses if they 
have previously become established, while in the males potentia 
and /ibido are poorly developed. Biedl* regards the genital 
hypoplasias as due to deficiency of the function of the pars 
intermedia. 

Another type of disease associated with disturbance in pitui- 
tary function has been recognized clinically in acromegaly and 
gigantism—conditions now believed by most investigators to 
be due to excessive activity of the gland (hyperpituitarism), 
contrary to Marie’s first conception that acromegaly was due 
to its underactivity. We are acquainted with examples of 
excessive sexual /ibido occurring in the early stages of the dis- 
ease, and with cases of premature acquisition of sexual power 
and secondary characteristics if the hypophysial overactivity 
antedates normal adolescence. One would probably find in 
this early. active stage, were it possible to examine the sex 
glands microscopically, a very active spermatogenesis in the 
male and abundant ovulation in the female. As it is, however, 
the autopsy findings are concerned usually with tissues ob- 
tained after the late stage of the disease, that is, in the final 
period of pituitary inactivity. In this stage we find in the 
female cessation of menses and in the male a disappearance of 
the libido serualis, sterility in the female, impotence in the 
male, and in both a high degree of atrophy of the sex glands. 
There are pathological changes in the spermatogenic tubules 
and in the interstitial cells in man, and cessation of primordial 
egg-formation and complete retrogression of the primordial 
follicles in woman. Tandler and Grosz* have described these 
changes in greater detail. 

That the pathological changes in the pituitary gland are 
largely responsible for these symptoms is further evidenced in 
the report of cases in which there has been a return of the 
menses and a reappearance of practically normal secondary sex 
characters after a decompression operation on the hypophysis 
or partial removal of a tumor compressing the gland and thus 
interfering with its function. In an analogous manner the 
urinary organs are aflected in many instances of acromegaly. 
Thus, in the early stages of the disease polyuria and polydipsia 
are frequent symptoms; in fact this latter condition has been 
called a true diabetes insipidus and has led many to believe 


‘ Biedl, A.: Innere Sekretion, 1913, 2te Aufi., Heft II, S. 177. 
*Tandler, J., and Grosz, S.: Die biologischen Grundlagen der 
sekundaren Geschlechtscharaktere. Berlin, 1913, 128. 


. 
\ 
. 


JOHNS HOPKINS HOSPITAL BULLETIN. 31 


Feprvary, 1916.] 


that the symptom-complex of diabetes insipidus is due to 
increased pituitary function. 

The converse interrelationship—that is, a secondary pitui- 
tary change following primary alteration in the sex glands— 
is also illustrated by clinical and experimental conditions. 
Thus Compte (1898)° was the first to show that there was an 
increase in weight in the hypophysis at the end of pregnancy, 
due to hyperplasia and hypertrophy of the anterior lobe. 
Furthermore, Erdheim and Stumme‘ first demonstrated the 
pregnancy hypertrophy of the hypophysis in the human, and 
carefully described the histological changes in the anterior 
lobe. The essential changes in this lobe of the gland are due 
to the accumulation of large numbers of a new cell type— 
the pregnancy cell—derived from the chief cell. The eosin- 
ophiles, which normally preponderate, become much smaller 
and less in evidence, whereas the basophilic cells are not notice- 
ably changed. Practically none of the normal chief cells are 
present. These secondary alterations in the hypophysis in 
pregnancy impart to the gland a very peculiar and striking 
appearance. 

Similarly in castration, both experimentally and in the 
human, it has been shown that there is a consequent lyper- 
trophy of the hypophysis. Fichera* was the first to demon- 
strate that in a series of castrated animals of different species, 
including the cock, ox, buffalo, guinea-pig and rabbit, there 
was a definite increase in the weight of the hypophysis, 
relatively greatly in excess of the increased growth of the 
animal. Histologically, in addition to the hyperemia there 
was an increased number of eosinophiles. Tandler and Grosz * 
were similarly able to show an hypertrophy of the pituitary 
body in the castrated human, as indicated by enlargement of the 
sella turcica, demonstrable by the X-ray in the living and by 
Tandler 
that not only in Skopzen and eunuchs was tliere a pituitary 
hypertrophy following castration, but also that the same con- 
dition occurred in castrated women. 

The sexual and genital changes consequent upon the pro- 
duction of pituitary insufficiency by experimental removal of 
the gland in part or in toto have been thoroughly studied and 


examination of the skeleton after death. showed 


*Compte, L.: Contribution 4 l’étude de l’hypophyse humaine et 
de ses relations avec le corps thyroide. Lausanne, 1898; also, Beitr. 
z. path. Anat. u. z. allg. Path., 1898, XXIII, 90-110. 

‘Erdheim, J., and Stumme, E.: Ueber die Schwangerschaftsver- 
anderung der Hypophyse. Beitr. z. path. Anat. u. z. allg. Path., 
1909, XLVI, 1-132. 

*Fichera, G.: Sulla ipertrofia della ghiandola pituitaria consecu- 
tiva alla castrazione. Policlin., Roma, XII, 250; also Bull. d. v. 
Accad. med. di Roma, 1905, XX XI, 91-133. 

Sur l’hypertrophie de la glande pituitaire consécutive a la cas- 
tration. Archives italiennes de biologie, 1905, XLIII, 405. 

*Tandler, J., and Grosz, S.: (a) Einfluss der Kastration auf den 
Organismus. Wien klin. Wehnschr., 1907. (b) I. Mitteilung: 
Beschreibung eines Eunuchenskeletts. Arch. f. Entwicklungs- 
mechanik, 1909, 27, 35. 

Tandler, J.: Untersuchungen an Skopzen. 
schr., 1908, S. 277. 

Ueber den Einfluss der innersekretorischen Anteile der Ge- 
schlechtsdriisen auf die aiissere Erscheinung des Menschen. Jbid., 
1910, S. 459. 
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observed by various investigators, this having been possible 
because of the comparative ease with which experimental de- 
ficiency of the hypophysis can be produced. It was first 
pointed out by Crowe, Cushing and Homans” that there is a 
definite retarding influence exerted upon the sex glands by ex- 
In an adult dog, two 
years of age, a partial though extensive removal of the hypo- 


perimental removal of the hypophysis. 


physis was carried out. The animal seemed to become sexually 
impotent and a marked adiposity developed. It was sacrificed 
104 days after the operation, and at autopsy there was found to 
be marked atrophy of the testes, with complete degeneration of 
spermatogenous cells and an absence of spermatozoa. 

In 1912 Aschner * published his results of a thorough and 
comprehensive study of experimental hypopituitarism, show- 
ing that there is in this condition, beyond a question of doubt, 
marked retardation of sexual development. In_ brief, there 
is a failure of development of the testis in gross and in its 
histological structure. Spermatogenesis appears very late, and 
then is only imperfe-tly developed, or fails to appear at all. 
There is a conspicuoue absence of spermatozoa. This retarded 
development is also observed in the penis, prostate and vas 
deferens. The sexual activity of such animals is reduced to a 
minimum. The conditions in the female are exactly analogous. 
In a series of similar experiments yet unpublished, I have con- 
firmed these results, although my explanation is not in full 
accord with Aschner’s, who attributes many of his results to 
operative injury of the tuber cinereum and its neighborhood 
during the removal of the gland. It is my opinion that the 
pituitary body can be removed without injury to these struc- 
tures and that the failure of sexual development is due 
primarily to pituitary insufficiency. 

Following upon these studies of hypopituitarism, attempts 
were made to bring about, in various ways, conditions of pitui- 
tary hyper-function, with the idea of reproducing some of the 
most instances these efforts 
failed to produce constant and positive results, at least in so far 
as the genital system was concerned. Von Cyon studied the 
effect of mechanical and electrical stimulation of the hypo- 
physis, with especial reference to the circulation, but made no 
mention of the influence upon the sex glands.” : 

The production of hyperpituitarism by the transplantation 
of the pituitary body has also proved to be impossible. Crowe, 
Cushing and Homans were the first to show that the life of 
totally hypophysectomized animals could be prolonged by 
transplantation of the hypophysis. 


symptoms of acromegaly. In 


In the partially hypo- 
physectomized animals the development of the characteristic 
cachexia could thus be retarded. 

Clairmont and Ehrlich™ tried to produce experimental 
hyperpituitarism by transplantation of the hypophysis into 
the spleen, but without success. 

" Loc. cit., p. 156. 

* Aschner, B.: Ueber die Funktion der Hypophyse. 
ges. Physiol., CXLVI, 87. 

*Cyon, V. v.: Zur Physiologie der Hypophyse. 
Physiol., 1901, LX 565-593. 

“Clairmont, P., and Ehrlich, H.: Ueber Transplantation der 
Hypophyse in die Milz von Versuchstieren. Arch. f. klin. Chir., 
1909, LXXXIX, 596. 
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Schiifer,” 
the hypophysis subcortically, and also into the subcutaneous 
tissues, muscle, peritoneal cavity and kidneys, without perma- 
nent growth and healing of the graft. There was a transient 
polyuria, but no effect upon growth or metabolism could be 
demonstrated. From these and many other results the con- 
clusion may be drawn that efforts to produce experimental 
hyperpituitarism by transplantation of the hypophysis are 


employing dogs, cats, apes and rats, transplanted 


uniformly unsuccessful. 

Without entering into a discussion of the physiological 
properties of pituitary extracts, it may be of service to mention 
briefly some of the effects of the administration of pituitary 
extract, with especial reference to its effect upon the genito- 
urinary system. 

Dale “ was the first to describe the direct stimulating action 
of pituitrin on the uterine musculature. Blair-Bell” in addi- 
tion described its stimulating action upon the musculature 
of the bladder. 

Frankl-Hochwart and Frohlich experimented further with 
hypophysin, a pure extract of the posterior lobe, and confirmed 
and elaborated the findings of Dale and Blair-Bell. Herz- 
berg” used intramuscular injections of a similar product, 
“hypophysin,” in cases of pregnancy, with apparently good 
success in causing more powerful contractions of the uterus 
during parturition. 

Magnus and Schifer (1901)” and later Schafer and Herring 
(1906) showed that extracts of the posterior lobe have the 
characteristic power of producing kidney dilatation and 
diuresis, especially when injected intravenously. The galacta- 
gogue action of posterior-lobe secretion, as described by Ott 
and Scott” and as further investigated by Mackenzie,” need 
only be mentioned, as bearing out the relationship of the pitui- 
tary body to milk secretion during and after pregnancy. 


* Schafer, E. A.: Die Funktionen des Gehirnanhanges (Hypo- 
physis cerebri). Berner Universitatschriften, 1911, Theil 3. 

* Dale, H. H.: On some physiological actions of ergot. Jour. 
Physiol., 1906, XXXIV, 163-206. 

The action of extracts of the pituitary body. Bio-chem. Jour., 
1909, IV, 427-447. 

“ Blair-Bell, W.: The pituitary body and the therapeutic value 
of the infundibular extract in shock, uterine atony and intestinal 
paresis. Brit. Med. Jour., 1909, December: also, Liverpool Med.- 
Chir. Jour., 1910, January. 

* Frankl-Hochwart, L. v., and Fréhlich, A.: Zur Kenntnis der 
Wirkung des Hypophysins auf das sympathische und autonome 
Nervensystem. Arch. f. exper. Pathol. u. Pharmakol., 1910, LXIII, 
347. 

” Herzberg, S.: Klinische Versuche mit den isolierten wirks- 
amen Substanzen der Hypophyse. Deutsche med. Wehnschr., 
1914, XX XIX, 1-207. 

* Magnus, R., and Schafer, E. A.: The action of pituitary ex- 
tracts upon the kidmey. Proc. Physiol. Soc., London, 1901, 
XXVIII, 3. 

* Ott, I., and Scott, J. C.: The action of infundibulin upon the 
mammary secretion. Proc. Soc. Exper. Biol. and Med., 1911, VIII, 
48. 

* Mackenzie, K.: An experimental investigation of the mechan- 
ism of milk secretion, with special reference to the action of animal 
extracts. Quart. Jour. Exper. Physiol., 1911, p. 305. 
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Borchardt (1908)” was the first to demonstrate that gly- 
cosuria could be produced in rabbits by the injection of pitui- 
tary extracts. 

Many studies have been made on the effect of feeding and 
the injection of pituitary extracts obtained from different 
divisions of the gland. These studies have been directed 
chietly toward the effect upon growth of the organism. The 
results have been strikingly contradictory. ‘Thus, Crowe, Cush- 
ing and Homans “ found that repeated subcutaneous injections 
of sterile extracts or emulsions of the whole gland, or of the 
posterior lobe alone, given subcutaneously, were apt to lead to 
emaciation. Caselli noted no effect on growth after long- 
continued injections of a whole-gland glycerin extract. Fran- 
chini (1910)* studied the effect of extracts of bovine and 
equine hypophysis, and particularly of extract of the posterior 
lobe. His conelusions are concerned chiefly with the influence 
upon metabolism, no mention being made of the effect upon 
growth or upon the genital system. 

Likewise attempts have been made to simulate conditions of 
hyperpituitarism by feeding the fresh gland or glandular ex- 
tract over long periods of time. These experiments are simi- 
larly concerned mainly with the question of growth. Caselli” 
believes that growth is retarded by the feeding of pituitary 
gland. 

Sandri’s * experiments in feeding young mice with bovine 
anterior lobe were quite negative. The feeding of posterior 
lobe arrested development—an effect attributed to the toxicity 
of the active principle. 

In Schiifer’s * experiments with the feeding of pituitary 
substance (anterior lobe) to young rats there seemed to be a 
definite increase in the growth of those receiving the glandular 
extract ; there was certainly no retardation of growth. More 
recently Aldrich,” and similarly Lewis and Miller,™ have re- 
ported negative results after feeding hypophysis to young rats. 

Wulzen (1914)” reports retardation in the growth of young 
fowls by the addition to the diet of fresh, unmodified anterior 
lobe of the ox pituitary. 


* Borchardt, L.: Die Hypophysenglykosurie und ihre Beziehung 
zum Diabetes bei der Akromegalie. Ztschr. f. klin. Med., 1908, 
LXVI, 332-348. 

* Loc. cit., p. 127. 

*Franchini, I.: Die Funktion der Hypophyse und die Wir- 
kungen der Injection ihres Extraktes bei Thieren. Berl. klin. 
Wehnschr., 1910. 

* Caselli, A.: Revista sperimentale di freniatria. Reggio-Emilia, 
1900, XXVI, 176, 486. 

* Sandri, O.: Archives italiennes de biologie, 1909, LI, 337. 

* Schifer, E. A.: The functions of the pituitary body. Proc. Roy. 
Soc., 1909, LXXXI, 453. 

* Aldrich, T. B.: On feeding white rats the posterior and the 
anterior parts of the pituitary gland. Amer. Jour. Physiol., 1912, 
XXXI, No. 2, 94. 

*« Lewis, D. D., and Miller, J. L.: The relation of the hypo- 
physis to growth, and the effects of feeding anterior and poste- 
rior lobe. Arch. Int. Med., 1913, XII, 137-144. 

*” Wulzen, Rosaline: The anterior lobe of the pituitary body in 
its relation to the early growth period of birds. Amer. Jour. 
Physiol., 1914, XX XIV, 127-139. 
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Behrenroth is the only author who makes special mention 
of an accompanying effect upon another of the ductless glands, 
produced hy either the feeding or by the injection of pituitary 
extracts. His is the only work, furthermore, which deals with 
the effect of pituitary extract upon the genital system." He 
carried out the hypodermic administration of pituitary extract 
mainly for the purpose of observing its action upon the kidney, 
blood-pressure and metabolism. In giving the results of his 
investigations on the blood-pressure changes produced by 
pituitrin, he makes a brief statement in regard to the genital 
development of rats which had received hypodermically 0.2 gm. 
doses of pituitrin. He does not state the time during which 
the injections were continued, nor the derivation of the pitui- 
trin, though it may be assumed that the extract was probably 
of the infundibular portion of the gland. If the injections 
were frequently repeated, a state of cachexia was produced, 
followed usually by the death of the animal. If they were 
given at intervals so chosen that no general disturbances were 
produced, the animals were usually stronger and more active 
than the controls of equal age. An increased growth of the 
skeleton was not obtained, but there was found to be a prema- 
ture and extensive development of the sexual apparatus, par- 
ticularly of the testes, and the animals proved to be sexually 
overactive. At autopsy the testes in the gross were large and 
hyperemic, while microscopically they showed simply an early 
extensive spermatogenesis. No changes were observed in the 
other organs. 

He observed no effect upon grown rats following administra- 
tion of pituitary extract either in large doses or in often 
repeated small doses. In a litter of young dogs a premature 
sexual ripening was not obtained. Behrenroth is at a loss to 
explain the variability in these results. A possible explanation 
may be a difference in the activity of the extracts, or a failure 
in some cases to administer the correct amount necessary to 
produce a stimulating effect. Only slight changes were ob- 
served in the female animals. His series is a small one, the 
microscopical report is very limited, and in the original work 
no drawings or diagrams are given. We shall have occasion to 
return to these results. 

From this brief review of the literature it can readily be seen 
that both experimentally and clinically there is a direct inter- 
relationship between disturbances in the genito-urinary sphere 
and affections of the pituitary body. The normal hypophysis 
seems without doubt to exert a stimulating influence on the 
development and activity of the genital organs. Excessive 
activity of the gland is followed by premature development 
and overactivity of the genital organs; its deficient function 
results in genital underdevelopment and the non-appearance 
of sex characteristics. Previous suggestions on the part of 
other investigators, and almost certainly our own results, 
would indicate that it is the anterior lobe of- the hypophysis 
which exerts this specific influence upon the sex glands. 


“ Behrenroth, Erich: Ueber die Einwirkung des Hirnanhangsex- 
traktes auf den Blutdruk des Menschen nebst Bemerkungen iiber 
einige Injektionsversuche am wachsenden Tier. 
Klin. Med., CXIII, 393-395. 


Deutsch. Arch. f. 


| 


The idea is an old one that a deficiency in the secretion of 
any one of the ductless glands can in large measure be over- 
come by administration of the extract of the gland in question. 
The administration of glandular extract by mouth, hypo- 
dermically, intravenously and intraperitoneally, has been 
carried out both clinically and experimentally, and undoubtedly 
in many instances much benefit is obtained; for example, in 
experimental hypopituitarism in the dog, prolongation of life 
and a more nearly normal development have followed the 
administration of pituitary extract, and similarly in clinical 
conditions beneficial results have been obtained. Empirical 
feeding and other forms of glandular administration have also 
been practised in conditions of thyroid and ovarian deficiency, 
but with results never quite under the control of the observer 
and not capable of close analysis and test. Thus, so far as 1 
am aware, no histological evidence has ever been given of any 
effect upon either of these glands or upon any other of the 
ductless glands, produced by administration of gland extracts, 
and consequently we have only subjective symptoms and more 
or less indefinite and uncertain objective signs and manifesta- 
tions to indicate the result of our therapy. Reference should 
be made here to the splendid work of Gudernatsch™ and to 
the very definite results he has obtained by feeding thyroid 
and thymus extract to young tadpoles. In his experiments 
thyroid extract had the effect of producing very early and 
rapid development of the young tadpole into a miniature 
frog, whereas thymus extract had no such stimulating action 
upon differentiation, but on the contrary produced overgrowth 
of the young tadpole into a giant tadpole. No reference is 
made to the effect upon the individual ductless glands. 

This research is based on the conception that if hypopitui- 
tarism results in retardation or cessation of body and repro- 
ductive development, then one may expect increased growth 
and increased rapidity of sexual development from the admin- 
istration of pituitary extract. Interest was aroused in the 
possibility of producing over-development and activity in the 
sex glands by the feeding of pituitary extract during the 
course of some experimental work done in the Hunterian 
Laboratory six years ago. Preliminary studies were carried 
out on the effect of anterior-lobe feeding upon growth and 
development. Two young female dogs of the same litter were 
taken ; to one of these, dried extract of anterior lobe was given 
in daily doses of 0.5 gm. The second female was used as a 
control. At the end of about 7 months of this feeding the 
animals were sacrificed, and in the routine examination of 
the ductless glands it was found that the ovary of the animal 
receiving the anterior lobe extract contained numerous corpora 
lutea and corpora albicantia, whereas in the control animal 
the ovary contained simply the unripe Graafian follicles not 
yet mature enough for the occurrence of ovulation. Here 
was a hint which gave encouragement for more thorough 
investigation of this subject, which was begun three years 


* Gudernatsch, J. F.: I. Feeding experiments on tadpoles. Arch. 
f. Entwcklngsmechn. d. Organ., 1912, XXXV, 457. Il. A further 
contribution to the knowledge of organs with internal secretion. 
Am. Jour. Anat., 1914, XV, 431. 
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ago. It is the purpose of this report to give the results of 
pituitary feeding in. young rats, with especial reference to 
the early development and the histological changes produced 
in the sex apparatus and to its influence on breeding and 
parturition. In this report the facts in regard to the effect 
upon growth will be considered only in a general way. 


Meruops or Stupy. 


Young rats were used in these experiments, in the first 
place, because they are hardy animals and their active sexual 
life and development, as well as their breeding habits, can be 
readily observed even under the somewhat abnormal environ- 
ments of laboratory experimentation; and, in the second 
place, because it was thus possible to obtain young animals 
of pure breed and known pedigree and to avoid in this way 
the possibility of variations in body growth as well as in 
genital development in different members of the same litter— 
a possibility which might arise in case the animals were of 
mixed parentage. In our experiments the members of the 
different litters when weaned varied in weight, size and gen- 
eral appearances only to a negligible degree, the variation in 
weight in many instances being merely a fraction of a gram. 
Where there was an appreciable difference, the odds were 
usually taken by the experimenter in choosing the animals to 
be fed and those to be used as controls. The animals were 
used as soon as weaned, their ages at the time varying between 
34 and 4 weeks.” They were placed in wire cages, of double 
size for pairs, with an abundant supply of fresh water. The 
food consisted of cracked grain (corn, barley and seed) and 
white bread soaked in rich milk, given in definite amounts 
daily to each rat. The amount of grain was so calculated 
that there was always some remaining in the cage on the day 
after feeding. At the beginning of the experiments only 
eracked grain was given, but as it was apparent that the 
animals were not developing or increasing in weight satis- 
factorily, the bread-and-milk diet was added, with a consequent 
rapid growth. Dried powdered extract of bovine anterior and 
posterior lobe, separately and in combination, was used. In 
each experiment controls were taken from the same litter and 
were kept under precisely similar conditions without glandular 
administration or with control-feeding of ovarian or corpus 
luteum extract." At first 0.1 gm. and later .05 gm. of the 
powdered extract (anterior, posterior and combined lebes) 
was given daily in a pill of bread and milk. The extract was 
given in pill form in order to insure each animal’s receiving 
the quota desired. Thus when two animals occupied the same 
cage the experimenter could be sure that each received the same 
amount. The animals ate the pills greedily, and thus no 
difficulty was experienced in administering the extract. In 


* It is a pleasure to express here my gratitude to Dr. W. E. Castle 
of the Bussey Institution, Harvard University, Boston, for his 
kindness in furnishing the experimental animals used in this work 
and for his helpful suggestions in regard to their care and feeding. 

“T wish to express here my appreciation of the kindness of Mr. 
Charles M. Bell, of the Armour Laboratories in Chicago, in furnish- 
ing the pituitary extract used in these experiments. 
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several instances ovarian or corpus luteum extract in equal 
amounts was given to the control animal, to offset the effect, 
if any, of the feeding of the pituitary extract itself. However, 
as the material is fed in such small amounts this objection is 
practically negligible. 

At the beginning of the experiment, for a period of about 
12 days, 0.1 gm. of the extract was given. Under this dosage, 
however, the animals did not gain satisfactorily in weight; 
there was loss of appetite and a tendency to diarrhea, due 
undoubtedly to overdosage, and consequently the amount was 
decreased to .05 gm., or half the original dose. The feeding 
was continued over different lengths of time, varying from 
12 days to 6 or 8 months. During this period frequent obser- 
vations were made on the growth and weight of the animals 
and upon the development of the genitals and nipples. At the 
end of the experiments the ductless glands were preserved in 
fixatives and embedded in paraffine. Sections were cut, 5y 
in thickness, stained usually in hematoxylin and eosin, and 
compared. The technical procedure was kept absolutely the 
same for the fed animals and the controls. Some of the earlier 
experiments were interrupted because of a peculiar snuffles 
and bronchopneumonia which developed among the rats, caus- 
ing their almost immediate death. In no case was an animal 
which had shown any previous signs of decline or disease 
included in the final results. In a few instances pairs of rats 
of the’ same litter were selected, one pair being fed anterior- 
lobe extract, the other being used as a control; observations 
were then made on breeding, time of parturition and the size 
and weight of the litters. In these few cases interesting com- 
parisons can be made on the effects of feeding anterior- and 
posterior-lobe extracts. In other words the conditions of ex- 
perimentation were made as nearly as possible the same for all 
the animals under observation.” 


EXPERIMENTAL RESULTS. 


In reporting the experimental findings it it thought best to 
give a condensed account of each protocol in tabular form in- 
stead of the complete protocol of each case. Many of the find- 
ings, especially those relative to weight and growth and to the 
histological changes in the ductless glands other than the sex 
glands will be reserved for a later report. First, it may be of 
interest to record some of the more acute experiments—those 
intended to show the effect of whole-gland feeding (anterior 
and posterior lobes, including the intermediary portion) over 
a brief period of time. For this purpose the record of two 
female rats of Litter IV will be given. 


Tue Errect or Ferepinc Pirurrary Exrract (WHOLE GLAND) 
Over A Brier Periop TO A YouNG FEMALE Rat. 


Lirrer I1V.—Litter of black rats, 3 males and 2 females. Born 
Feb. 10, 1913; weaned at the age of 4 weeks. Glandular feeding 
(whole gland, consisting of equal parts by weight of the dried 
powdered extract of the anterior and posterior lobes) begun to 


%In so far as I am aware, these are the first observations to be 
made on histological changes produced in any of the ductless 
glands by the oral administration of pituitary extract. 
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Fic. 1—Female I (pituitary fed). x 26. 


Fic. 2.—Female II (control). xX 26. 


Figs. 1 and 2 represent in one plane the ovary, the fimbriated end of the tube 
and the beginning of the uterine cornu of two young rats, 2% mos. old, of the 
same litter, to the first of which (Fig. 1, Female 1) pituitary extract (whole gland) 
was given over a period of 42 days, from the time when the animal was 30 days 
old; the second, the control (Fig. 2, Female Il), received no glandular: feeding. 
Both animals were sacrificed when they were 72 days, or 2% mos., old. Compare, 
in Fig. 1, the presence of corpora lutea (c. I.), the scarcity of unripe follicles 
1 (u. f.), the marked endometrial hyperplasia in the uterine cornu (wu. c.), the 
proliferation of the fimbriated end of the tube (f. e.), and the increased vascu- 
larity in the hilus of the ovary, with (in Fig. 2) the number of unripe Graafian 
follicles (uv. f.); the absence of corpora lutea, the smaller degree of branching 
of the fimbriated end of the tube (f/f. e.), and the simple thin mucous membrane 
in the uterine cornu ¢.). p. f.=primordial follicle. End.=Endometrium, 


my.=myometrium. 


p. f. 
C. 
e& 
my. 
A 
p. f. 
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Female I, March 12, when the animal was 30 days old. Female II 
used as control. At first 0.1 gm. was given daily; but as this dose 
was found to be too large (the animal failed to gain in weight, 
and there was loss of appetite and a tendency to diarrhea), after 
10 days it was reduced to .05 gm., and this amount was given for 
the following 32 days, the feeding thus lasting altogether for 42 
days. At the beginning of the experiment, Female I weighed 27.6 
gms., 3.4 gms. more than the control. At the end of the observation 
the weight of Female I was 93.5 gms., as compared with 81.9 gms., 
the weight of the control—a rather remarkable gain in so short a 
time. Both animals were autopsied on April 22 at the age of 72 
days, or 2% months. Besides the definite gain in weight, the 
nipples were larger and more conspicuous in Female I, the animal 
receiving the whole-gland feeding (cf. protocol). 


TABLE I. CONDENSED PROTOCOL. 
LITTER IV. 


Female i. Control. 
No gland administration. 


Female I. 
Date. wWhole-gland feeding for 42 days. 


Mar. 11. Weight, 27.6 gms. Weight, 24.2 gms. 


Mar. 18.| Weight, 31.2 gms. Weight, 25.8 gms. 


Nipples fairly prominent. 
Weight, 59.0 gms. 


Apr. 13.| Weight, 77.9 gms. Weight, 72.2 
Large, conspicuous nipples. Ani- Nipples small. 
mal large, active, inclined to 
be vicious. 


Mar. 31. Pectoral nipples fairly large. 
Mar. 31. Weight, 60.3 gms. 


ms. 
Hatr fairly thick. 


Autopsy. Autopsy. 

-| Weight, 93.5 gms. Weight, 81.9 gms. 

Generally larger animal as com- Fur smoother and more delicate 
pared with control. than that of Female I (fed 

animal). 

Uterus and cornua definitely Uterus, cornua and ovaries defi- 
larger than in control: both of; nitely smaller than in Female 
the latter thicker and have an I. Ovaries contain two or three 
cedematous swollen appearance, small, yellowish granules re- 
as compared with control. sembling in appearance those 
Ovaries slightly smaller than in ovaries of Female I, and in 

Two or three addition several glistening 


Apr. 2 


in Female 
yellowish granules seen— bodies, possibly Graafian fol- 
probably corpora lutea. licles. 


Nothing of special note concerning the other ductless glands op gross 
examination. 


By comparison of the condensed tabulated protocol of the 
fed animal with that of the control, the following points be- 
come apparent. The animal fed with pituitary whole-gland 
extract (Female I) developed more rapidly than the control, 
as shown by the final weight. The nipples were noticeably 
larger than those of the control, and the hair possibly coarser. 
Furthermore, at autopsy the body of the uterus, the cornua 
and ovaries were found to be definitely larger and more 
vascular and cedematous than those of the control, and the 
ovaries of the fed animal contained what appeared in gross, 
and on examination proved to be, corpora lutea, which were 
conspicuously absent in the ovaries of the control animal. 

Microscopic.—Both ovaries, the cornua and the body of the 
uterus in each case were fixed in Carnoy’s solution. Sections 
were made at different levels in the cornua. Comparisons of 
these sections from corresponding levels showed the same 
differences between Female I and Female II as those illus- 
trated in Figs. 3 and 4. Serial sections were also taker 
at short intervals through the entire ovaries in order to avoid 
missing possible Graafian follicles or corpora lutea at different 
levels. For purposes of comparison the ovary was so mounted 
that a section through its center included the fimbriated ex- 
tremity, the tube and the beginning of the cornu (Figs. 1 
and 2). 
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A comparison of the low-power drawings of the ovary of 
Female I (whole-gland feeding) with those of the ovary of 
Female II (control) shows the following differences. Even 
at the early age of 2 months the ovary of the pituitary-fed 
animals (Fig. 1) shows the presence of corpora lutea (c. l.), 
which are conspicuously absent in the ovary of Female II. In 
fact, in the latter we find numerous primordial follicles (p. f.) 
and a number of young unripe Graafian follicles (wu. f.). 
There are very few primordial follicles in the ovary of Female 
I (Fig. 1, p. f.) ; it shows increased vascularity in the medulla 
and hilus; the fimbriated end (Fig. 1, f. e.) of the tube is 
more extensively divided; the folds of mucous membrane are 
very much higher, and with the high power magnification one 
sees that the lining columnar cells are considerably taller and 
more uniformly ciliated. Furthermore, the uterine cornu 
(u. c.), the end of which is represented in Figs. 1 and 2, shows 
a marked hypertrophy and hyperplasia of the mucous mem- 
brane lining (endometrium, end.) and an increased thickness 
of the muscular coats (myometrium, my.), together with an 
increased vascularity, the latter being particularly noticeable 
in the high-power study. All these findings are characteristic 
of the sexually mature female genital system. 

Figs. 3 and 4 illustrate the difference between the uterine 
cornu of the pituitary-fed animal, Female I, and that of the 
control, Female II. These sections were taken from the mid- 
points of the cornua, but similar differences were observed at 
other corresponding points. In Fig. 3, as compared with 
Fig. 4, the striking differences are: -'The marked hypertrophy 
and hyperplasia of the mucous membrane (endometrium, 
end.), with the formation of uterine glands (uw. g.)—a condi- 
tion resembling the change occurring in pregnancy; the in- 
creased thickness of the muscle coats (myometrium, my.) ; and 
the increased vascularity. (Note the simple structure of the 
uterine cornua in the control animal.) 

A comparison of Figs. 5 and 6 shows these differences to an 
even greater extent. -The sections, here taken at the junction 
points of the uterine cornua, indicate that an even more 
marked change has taken place in the body of the uterus of the 
pituitary-fed animal than is represented in the cornua (Fig. 
3). The lining cells of the uterine mucosa are taller and 
richer in protoplasm, and are supplied more uniformly with 
cilia, in the fed animal than in the control. 

In view of the marked changes produced by the feeding of 
pituitary extract to the young female rat, we are warranted in 
saying that the extract caused early and extensive ovulation, 
marked growth and indications of activity on the part of the 
fimbriated end of the tube, and a marked hypertrophy and 
hyperplasia of the uterine mucosa. These changes were en- 
tirely absent in the control animal. When we consider that 
they appeared at the early age of 2% months, whereas normally 
they should occur between the ages of 3 and 4 months—and 
even then less extensively—we have undoubted proof of the 
extremely selective and almost specific action of pituitary 
extract upon the genital system. 
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until April 12, when the animal was sacrificed. The feeding was 
continued altogether for 36 days. Age at autopsy, 65 days. 

A final comparison of the four male rats unfortunately can- 
not be made, as the period of feeding and the ages of the 
} animals at autopsy were not the same in each case. However, 

Four male rats from Litter II were used in this experiment. | comparative observations were constantly made at different 
In the litter, born February 6, 1913, there were 7 young, periods during the feeding and are of considerable interest. 
| 


On THE COMPARATIVE Errects OF THE FEEDING OF PITUITARY 
Postrertor-LoBE, AND OVARIAN (CoRPUS 
Lureum) Extract. COMPARISON OF CONDITIONS IN | 
Con'rroL Recetvine No GLANDULAR 


3 pairs and one single male. The animals were of the same They are summarized in the following protocols: 
breed, narrow selection series, and of the tame variety of gray Male, Pair I (whole-gland feeding).—The testes remain de- 


rat (Mus Norvegicus). The young rats were weaned on _ gcended at an earlier period than in the control (male, Pair III, 
March 5, when 27 days, practically 4 weeks, old, and were cf. March 12). The weight of the right testis at autopsy, at the 


TABLE II.—-CONDENSED TABULATED PROTOCOLS OF MALES OF LITTER II, TO SHOW THE COMPARATIVE EFFECTS OF 
FEEDING PITUITARY WHOLE-GLAND AND POSTERIOR-LOBE, AND OVARIAN EXTRACTS. 
FEEDING BEGUN WHEN ANIMALS WERE FOUR WEEKS OLD. 


Single Male. 


| Male, Pair I. Male, Pair II. =: 
Date. Whole-gland feeding, 16 days. Ovarian feeding, 34 days. Age at peels vn hn Seed. Posterior-lobe feeding, 36 days. 
Age at autopsy, 44 days. autopsy, 65 days. . ? a Age at autopsy, 65 days. 
Mar. 5. Weight, 29.7 gms. Weight, 30.4 gms. | Welght. 29.4 gms. Weight, 30.5 gms. 
Mar. 12. ‘Testes descended. External geni-| Testes descended, of good size: can/Testes descend when rat is on all/Testes descended. Remain outside 
talia prominent. be readily slipped back into ab-| fours. When rat is picked up,; at all times. External genitalia 
domen. | testes enter abdomen. (penis) of fair size. 


Mar. 18. Has lost some weight, due to too|Testes at times in abdomen; can/|Testes have a tendency to return to Testes descended; of generous size. 
large a dose of extract. In good readily be expressed downwards. abdomen. 
condition. Good coat of fur of 
delicate texture. 


Mar. 22. Found dead in cage this a. m. No Large testes and scrotum. Animal |Testes not descended at all times. Testes and scrotum large by com- 


apparent cause. Seemed well on looks vigorous. Not a vigorous animal. parison with control male. Slight 
previous day. Possibly too large enteritis. 

a dose of extract. Slight en- 

teritis. 


iutopsy. 
Congestion of lungs. 
Testes quite large, on gross examina- 
tion, for rat of this age. 
Weight of right testis, 0.260 gm. 
Nothing of special note revealed by 
autopsy on gross. examination. 


Mar. 30. Testes fairly large. Tremor notice- Testes not as large as in single male Rat large and vigorous. Testes and 
‘ able in feet, also of whole body. (posterior-lobe feeding), nor quite’ scrotum large and of greater size 

so large as in ovarian-fed animal. than those of control. A fairly 

No tremor of limbs. marked tremor of legs and body. 


Weight, 54.3 gms. Weight, 81.2 gms. 

Found dead in cage this a. m. Ex- Testes slightly larger than in 
ternally nothing unusual. Scro- ovarian-fed animal (male, Pair 
tum and penis small. 

Weight of right testis, epididymis 
and vas, 0.260 gm. 

Weight of left testis, epididymis and 
vas, 0.270 gm. 


Apr. 12. Weight, 89.7 gms. Weight, 83.7 gms. 

Well =. fat, lively and in good In very good ge eae well grown, 
condition. not especially adipose. 

Sacrificed. of ight, of right testis, 
epididymis and vas, 0. gm. epididymis and vas, 0.740 gm. 

Weight A testis with epididy- Weight of left testis, epididymis and 
mis, 0.8) gm. _ vas, 0.730 gm. 

Weight of both seminal vesicles, Seminal vesicles, 0.330 gm. 
0.340 gm. Seminal vesicles large Testes smaller on palpation and in- 
and tortuous. spection than in ovarian-fed rat 

Testes slightly larger and harder (male, Pair II). 


than those of posterior-lobe-fed 
male. Fur heavier and slightly 
coarser. 


| age of 44 days, is the same as the weight of the right testis of the 
| control animal (0.260 gm.) at the age of 59 days. One tenth of 
a gram daily, both of whole-gland and of posterior-lobe extract, 


separated into three pairs and one single male, each pair and 
the single male being placed in different cages. 


Male, Pair I, received whole gland extract (anterior and pos- | proved to be too large a dosage (cf. March 22). 
terior lobes, 0.05 gm. of each) for 16 days, from March 6 to March | Male, Pair II (ovarian feeding).—There is no difference in the 
22. The feeding was continued altogether for 16 days. Age at period of permanent descent of the testes as compared with that in 


Male, Pair II, received 0.1 gm. ovarian extract (corpus luteum, the deposition of fat and a marked increase in weight—as shown at 
Parke, Davis & Co.) for 14 days, beginning March 9; then 0.05 gm. autopsy, an increase of 6 gms. over the animal fed with posterior- 
daily for the following 29 days, until April 12. The feeding was 
continued altogether for 43 days. Age at autopsy, 65 days. 

Male, Pair III, used as a control. Died suddenly April 6. Age at 


| 

autopsy, 44 days. | the control animal (cf. March 12). There is a tendency toward 
| 


lobe extract (cf. April 12). The fur of the animal fed with 
ovarian extract is heavier and slightly coarser than that of the 
animal fed with posterior lobe (cf. April 12). The testes are 


hibitive effect of the posterior-lobe extract than to a stimulating 
effect of the ovarian extract (cf. April 12). 


Single male received 0.1 gm. posterior-lobe extract for 15 days, 
beginning March 7; then 0.05 gm. for the following 21 days, or 


autopsy, 59 days. slightly heavier (0.1 gm.), but this may be due rather to an in- 


. 
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end. 


my. my. 


Fig. 3.—Female I (pituitary Fig. 4.—Female II (control). 


Figs. 3 and 4 represent transverse sections through the middle of 
the right uterine cornua of the same young rats whose ovaries are 
represented in Figs. 1 and 2. 

Fig. 3. Section from the uterine cornu of the female to which 
pituitary extract (whole gland) was given over a period of 42 days, 
from the time when the animal was 30 days old. 

Fig. 4. Corresponding section from the control female who received 
no gland extract. 

Note in the endometrium (end.) the marked hypertrophy and 
hyperplasia of the uterine mucosa with active gland formation (wu. g.) 
suggesting the pregnancy reaction, the very cellular character of 
the propria, and the increased thickness of the musculature of the 
myometrium (my.). 


PLATE Vill. 


Fic. 6.—Female II (control). X 32. 


Figs. 5 and 6 represent transverse sections through the junction points 
of the uterine cornua (cervix uteri) of the same rats, whose ovaries and 
cornua are represented in Figs. 1, 2, 3 and 4. 

Fig. 5. Section from the cervix of the uterus of Female I, to which 
pituitary extract (whole gland) was given over a period of 42 days from 
the time the animal was 30 days old. 

Fig. 6. Section taken from the control animal at a point corresponding 
to that represented in Fig. 5. 

The histological differences in Figs. 5 and 6, are similar to, but even 
more marked, than those represented in Figs. 4 and 5. 


Fic. 5.—Female I (pituitary fed). 32. 
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Male, Pair IIT (control animal without glandular administra- 
tion)..-The tendency for the testes to return to the abdomen per- 
sisted longest in this animal (cf. March 22). On gross palpation 
they are smaller than the testes of any of the other animals (cf. 
March 22). The weight of the right testis of the control is the 
same as that of the animal fed with whole-gland extract, though 
the former animal was two weeks older than the latter. 

Single Male (posterior-lobe feeding).—The testes permanently 
descended at an earlier period than those of the control (cf. March 
18). On palpation they were larger. At autopsy the animal 
weighed less than the ovarian-fed animal (cf. April 12), and the 
weight of the testes was also less. 


Briefly summarized, the main differences that may be ob- 
served from the protocols are as follows: 

Posterior-lobe feeding, as compared with the feeding of 
ovarian extract, does not produce a stimulating effect on the 
growth of the body ar testes. Whole-gland feeding increases 
the growth of the testes as compared with those of a control 


animal. Ovarian extract has a tendency to cause the deposi- 
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CoMPARISON OF ANIMALS RECEIVING WHOLE-GLAND FEEDING 
AND OvARIAN FeEpING witH A ContTroL RECEIVING 
No GuanpuLar Exrracr. 

Three female rats from Litter II, the mates of the three 
paired males of the preceding table, were used for this experi- 
ment. Two of the animals died suddenly of snuftles ; the third 
was sacrificed. They were of the same age at the time of 
autopsy, which was carried out immediately. The two animals 
dying of snuffles had been in good condition up to within a day 
or two of death. The third animal was entirely well. 

Female, Pair I, received 0.1 gm. pituitary whole-gland extract 
(anterior and posterior lobe in equal parts) for 16 days, then 0.05 
gm. for the following 8 days. Total period of feeding, 24 days. 
Age at autopsy, 53 days. 

Female, Pair I], received 0.1 gm. of ovarian (corpus luteum) 
extract for 13 days, then 0.05 gm. for the following 10 days. Total 
period of feeding, 23 days. Age at autopsy, 53 days. 

Female, Pair III, used as control, with no glandular administra- 
tion. Age at autopsy, 53 days. 


TABLE II CONTINUED.—A COMPARISON OF THE HISTOLOGICAL APPEARANCE OF THE TESTES OF FOUR MALE RATS OF 
LITTER II, THREE OF WHICH RECEIVED RESPECTIVELY WHOLE-GLAND, OVARIAN AND POSTERIOR- 


LOBE FEEDING, THE FOURTH BEING USED AS A CONTROL. 


Male of Pair IT. 
Ovarian feeding, 34 days. 
Age at autopsy. 65 days. 


Male of Pair I. 
Whole-gland feeding, 16 days. 
Age at autopsy, 44 days. 


Testis: No spermatozoa  present.| Testis: 
Karyokinesis quite active, but only| good numbers, though not as_ nu- 
in its early stages. Development; merous as one would expect from, 


the degree and extent of karyo- 
kinesis present. The majority of 
the tubules are at the spermatid 
stage and contain a great amount) 
of secretion. 


has reached the stage of the sper- 
matocytes of the first order. No 
spermatids present. Majority of 
the tubules lined with 2 or 3 rows 
of cells, in places with 4 rows. 


Spermatozoa present in fairly Testis: No spermatozoa present. Karyo- 


Interstitial cells fairly numerous and /nterstitial cells few. 


Single Male. 
Posterior-lobe — 
Age at autopsy, 65 


Male of Pair III. Control. 


Age at autopsy, 59 days. 36 days. 


days. 


Testis: Spermatozoa just beginning to 
become conspicuous in certain of the 
tubules. These latter are mostly in 
the spermatid stage at least. —- 
kinesis quite active, though possibly 
somewhat less far advanced than in 
the male of Pair II (ovarian feed- 
ing). The cells are more proto- 
plasmic. 


kinesis quite well advanced, but only 
to the spermatocyte stage and hardly 
as far as in the case of the male of 
Pair I (whole-gland feeding), al- 
though the latter is 15 days younger. 
Tubules contain a small amount of 
secretion. 


No specially|/nterstitial cells fairly abundant and 


Interstitial cells few. 
present in larger numbers than in; noticeable difference from male of} large. Connective tissue fairly per- 
testis of the male of Pair I. Pair I ceptible. 
Epididymis lined with tall, full cells,|pididymis lined with a lower type of Epididymis not examined. Epididymis: Cells stain well, have 
mostly ciliated. columnar cells, not so regularly) abundant protoplasm, of medium 
ciliated. Lumina of the tubules height, ciliated. Some secretion and 


somewhat wider and containing some 
few spermatozoa and here and there 
a few free cells. 

A good deal of vacuolation in the 
tubular cells and between them, pos-) 
sibly due to the disappearance of fat! 
or lipoidal substance, 


tion of fat and a coarser growth of hair. The histological 
appearance of the testes of these four rats, illustrating the 
effect of different gland feeding, is indicated in the accompany- 
ing table. 

From this table, as far as comparison can be made, after 
allowing for the differences in the ages of the animals, the 
following facts may be deduced. The feeding of whole gland 
to the male of Pair I caused an appearance of development of 
the testes as far advanced as in the control animal, although 
the latter was 15 days older. No especial effect upon the 
interstitial cells was noted. 

There was little difference in the effect of ovarian and 
posterior-lobe feeding on the male of Pair II and the single 
male respectively. Neither extract seemed definitely to stimu- 
late testicular development, but on the contrary appeared to 
retard it. This effect was possibly more definite in the 
ovarian-fed animal. Not only over the whole body, but also in 
the testis of the ovarian-fed animal there was a tendency 
toward the deposition of fat. 


a few free cells in lumina. No sper- 
matozoa seen. Very little secretion 


in the tubules. 


From a consideration of Table III it will be seen that 
whereas, at the beginning of the experiment, the rat which 
received whole-gland feeding was the lightest in weight, at 
the end, after 24 days of feeding, it weighed more than either 
of the others. Next in weight at the end of the experiment was 
the ovarian-fed animal. There is an indication here of the 
stimulating influence on growth of whole-gland extract. There 
is also seen to be a tendency toward the production of slight 
diarrhoea, muscular tremors, nervous manifestations and weak- 
ness of the hind legs by the feeding of too large a dose of the 
whole-gland extract ; and it was for this reason that the dose of 
pituitary extract was decreased, as in other experiments to be 
reported later. None of these symptoms, except tremor, were 
apparent in the ovarian-fed animal, and they were not observed 
in the control. 

The effect of glandular feeding was apparent even in the 
nipples. These were most conspicuous in the rat receiving 
whole-gland extract, and were very small and inconspicuous in 
the control. This increase in development of the nipples is a 
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TABLE III.—-CONDENSED TABULATED PROTOCOLS OF THE THREE FEMALES OF LITTER II, FED ON (1) WHOLE-GLAND 
AND (2) OVARIAN EXTRACT, AS COMPARED WITH ONE ANOTHER AND WITH (3) 
A CONTROL WITHOUT ANY GLANDULAR ADMINISTRATION. 


Date. Female, Pair I. Female, Pair II. Female, Pair III. Control. 
Whole-gland feeding 24 days. Ovarian feeding, 23 days. No glandular administration. 
Age at autopsy, 52 days. Age at autopsy, 53 days. Age at autopsy, 53 days. 
Mar. 5. Weight, 28.2 gms. Weight, 28.7 gms. Weight, 30.1 gms. 
Mar. 12. | External genitalia small and white. No difference in appearance of external genitalia. No difference in external genitalia. 
Mar. 23. (In good condition. Slight diarrhea. Not a Nipples just distinguishable with ease. No|Nipples just visible. No diarrh@a. Smaller 
vigorous animal. Nipples fairly easily dis- diarrhea. than cither the female of Pair I or the 
tinguishable. female of Pair II. . 


Weight, 54.2 gms. 


Mar. 30. (Died suddenly. Very remarkable fine tremor Weight, 56.0 gms. 
in practically all the muscles. Heart-beat Nipples not readily visible, and slightly smaller | Nipples fairly easily seen. Absolutely no tremor 
| strong, respirations and pulse rapid. Weak than in the female of Pair Tremor in apparent or felt in muscles of body generally. 
ness of hind legs. Weight, 57.5 gms. feet and body also well marked. 
| tutopsy. 
Immediate autopsy. 
Ovaries fairly large, with apparently a definite 
| mass of Graafian follicles, translucent in ap- 
| pearance. 
| Ovaries, tubes and uterus preserved in Carnoy’s 
| solution. 
Apr. 1. No enteritis present. Found dead in cage this a. m. Appeared to be Killed by mate. 


well on previous day. No external features of Ovaries, tubes and cornua of uterus noticeably 


| 

| 

| 

| special 


note. smaller than in the females of Pairs I and II. 
Ovaries, tubes and uterus preserved. Nothing 
striking on gross examination. Graafian 


follicles less conspicuous than in the female 
of Pair Il. Ovary and uterus of fair size; 
larger than in control and possibly slightly 
larger than in animal fed with whole gland. 


TABLE IV.—HISTOLOGICAL COMPARISON. 


Female, Pair 


rather remarkable effect of pituitary feeding over so short a 
period. 


Female, Pair I. Female, Pair II. 


Control. 
Examination of the ovaries, tubes and uteri in the gross days. Age at autopey,| days. Age at au- No 


showed that they were farther developed in Females I and II, 
the animals fed with glandular extract, as evidenced by the 
definite mass of Graafian follicles in the ovaries and by the 
larger size of the uteri of these two animals. There is no doubt 
that here both whole-gland and ovarian feeding had a stimulat- 
ing effect upon ovarian and uterine development. The ovarian 
extract was equally as stimulating in this respect as the whole- 
gland extract—a fact.due in all likelihood to the small amount 
of anterior lobe contained in the dosage of whole gland that 
was administered, for it would seem that it is the anterior lobe 
which is responsible for the stimulating action. The posterior- 
lobe element seems without doubt to have rather an inhibitive 
action in this regard. Further evidence in support of this 
view will be given later. 

We come now to a comparison of the histological findings in 
the ovaries, tubes and uteri of the three female rats (cf. Table 
IV). 

By comparing the histological appearance of the ovary and 
tube in each animal, as given in the above table, it is apparent 
that the whole-gland extract and the ovarian extract have 
exerted a stimulating effect upon the development of these 
organs. In evidence of this we find a strikingly greater num- 
ber of well-developed Graafian follicles and a small number of 
primordial follicles in the case of the animals fed with whole- 
gland and with ovarian extract, as compared with the control. 
The small number of primordial follicles present in the former 
would indicate that a great many have undergone development 
and are approaching maturity, whereas in the control most of 
them are still dormant. Corresponding to the greater ovarian 
development, as indicated by the developing follicles, there is 


an accompanying moderate increase in the amount of inter- 
stitial tissue. The reaction is not confined to the ovary, for in 


Ovaries: 


52 days. 


Fairly large, 
and in each a definite 
mass of Graafian fol- 
licles seen in gross: 
translucent in appear- 


topsy, 53 days. 


topsy, 53 days. 


Ovaries: A large num- 


ber of well-developed 
Graafian follicles, a 
considerable number 


beginning to develop, | 


Ovaries: A 


moderate 
number of CGraafian 
follicles not far devel- 
oped. A large num- 
ber of primordial fol- 


ance. Microscopic ex- and a few primordial licles with no sign 
amination shows a follicles. of development in 
moderate number of marked contrast with 
developing follicles Female I (whole- 


gland feeding) and 


and a few unripe pri- 
Female II (ovarian 


mordial follicles. No 

corpora lutea. | feeding). 
Interstitial tissue fairly Interstitial tissue rich. | Interstitial tissue less 
rich. in amount than in 
° ovary of Female I 
= ovary of Female 

| 

| Fimbrie lined with cells 
Fimbriated ends of tubes Fimbriea of tubes lined not especially large 
lined with compact, with tall, folded col- or active in appear- 
tall, ciliated columnar umnar epithelium, ance, in contrast with 
cells. which is fairly uni- conditions in the two 
formly ciliated. other animals. Con- 
siderable folding of 
mucous membrane ; 
cells mostly ciliated. 


the case of the two animals that received glandular extract 
there is a greater branching of the fimbriated ends of the tubes, 
a taller epithelial lining and a more complete ciliated lining 
of the cells. These are evidences of activity on the part of the 
tubes. In this respect ovarian extract seems to be equally as 
stimulating as whole-gland extract. 


Tue Errecr or Antrertor-Lope FEEDING ON THE YOUNG 
Rar. 

Two male rats of Litter III, of pure breed, were taken for 
this comparison, one being fed anterior-lobe extract and the 
other being used as a control without glandular administration. 
In this litter there were five young, two pairs and one single 
male. Pair | were given posterior-lobe extract, Pair II were 
used as controls, and the single male received anterior-lobe 
extract. 
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The protocol of the animal fed with posterior lobe will not be 
recorded here, and for purposes of comparison we shall give 
brietly the protocols of only two of the animals used in this 
experiment, to show the stimulating effect of anterior-lobe 
feeding upon testicular development, when these animals are 
compared with a control without glandular administration. 

Male, Pair II, used as a control without glandular administra- 
tion. Died, April 24. Age at autopsy, 71 days. 

Single Male I, received daily 0.1 gm. of anterior-lobe extract 
(Armour & Co.), beginning March 9, at the age of 25 days, and con- 
tinued for 14 days. Fearing that the dose of glandular extract 
was too large, 0.05 gm. of the extract was given for the following 
71 days. The animal was sacrificed June 15. Total period of 
feeding, 85 days. Age at autopsy, 123 days. 

During the course of the experiment the right testis was 
removed surgically from each animal. This was done on 
April 18, when the animals were 65 days old. The purpose of 
the procedure was to obtain a comparative observation on the 
testes of the two animals at a definite time during the course of 
the experiment, and by preserving the animals’ lives to make 
another observation on the remaining testes after a consider- 
ably longer period of feeding had elapsed. The testes thus 
removed were weighed and examined with results to be given. 
TABLE V.—CONDENSED TABULATED PROTOCOLS OF AN- 

IMALS AFTER ANTERIOR-LOBE FEEDING OF SINGLE 
MALE I, AS COMPARED WITH THE CONTROL MALE OF 
PAIR II. 

(Protocols given up to the time of removal of the right testis 
in each animal, at the age of 65 days.) 
Single Male 


‘Male of Pair II. Control. 


Date. Anterior-lobe feeding oe 40 days. No glandular administration. 
Mar. 8. Weight, 23.6 gms. Weight, 23.4 gms. 


Mar. 12. Weight, 25.9 gms. ‘Weight, 22.3 gms. 
Testes not descended. Animal|Testes not descended. 
has been gaining slightly in) 
weight. 
Mar. 18. Testes just descended. Testes not descended. 
Mar. 23. Weight, 38.6 gms. Weight, 35 gms. 
Testes completely descended. Testes not completely descended. 
Rat very vigorous. Genitalia Genitalia smaller than those 
larger than those of control. of Male I 


Weight, 46 gms. 
Weight, 70.1 gms. 


larger than External’ genitalia definitely 
smaller than those of Male I. 


Mar. 30. Weight, 61.8 gms. 


Apr. 6. Weight, 82 gms. 
Genitalia definitely 
those of control. 


Apr. 13. Weight, 85.5 gms. Weight 80.2 gms. 

Rat larger in general than con- Genitalia smaller than those of 
trol. More vigorous. Testes Male I. Fur soft and delicate. 
larger and firmer on palpation. 

Fur thicker and harsher. 


Age of animal, 65 days. Age of animal, 65 days 

Larger and more vigorous than Lightly anesthetized with ether 
control. Right testis removed and right testis similarly re- 
surgically. moved. 


Apr. 18. 


Gross AND Microscopic EXAMINATION OF THE TESTES REMOVED. 
Weight of right testis, 0.980 gm.|Weight of right testis, 0.570 gm. 
(after fixation in formalin). (after fixation in formalin). 
Testis larger and firmer on palpa-|7'estis smaller, less vascular and 
tion and more vascular than, less firm than that of Male I. 

that of control. 

Spermatogenic tubules show be- Spermatogenic tubules mostly 
ginning spermatogenesis and| lined with one or two rows of 
are lined with many cell-;| cells (spermatogonia). No 
layers, showing very active| spermatozoa; no spermatids. 
karyokinesis. Spermatozoa are; Vascularity less. 
abundant in many of the 
tubules. Numerous spermatids. Interstitial ceils in fair numbers. 

No great difference in number 
from those in testis of an- 
terior-lobe-fed animal. 


Epididymis: Tubules larger and |Epididymis: Tubules smaller 
lining columnar cells taller; than in Male I: they do not 
and more _ protoplasmic. contain free cells or sperma- 


Tubules contain spermatozoa. tozoa. 
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The results obtained from the feeding of anterior-lobe ex- 
tract to Single Male I, beginning when the animal was 25 days 
old and continuing over a period of 40 days, compared with 
conditions in the control male of Pair II, may be summarized 
as follows. At the beginning of the experiment the animals 
were of practically the same weight. Anterior-lobe feeding 
had a definitely stimulating effect upon the growth of the fed 
animal, apparent not only in the rapid gain in weight but also 
in the increase in growth and in its more vigorous appearance. 
There was also an earlier descent of the testis and a tendency 
for the fur to become harsher and thicker than that of the 
control. In the gross, furthermore, the gland appeared larger 
and more vascular than the testis of the control. The gross 
difference in size of the testes of these two animals is well 
represented by the photographs (Fig. 7A), which show the 
actual dimensions. The body of the testis of the animal 
receiving anterior-lobe extract measures 3 mm. longer than the 
control. Its weight not only absolutely, but also in proportion 
to the body-weight, was very nearly twice as great as in the 
control, namely, 0.980 gm. as compared with 0.570 gm. His- 
tologically, it has the appearance of maturity (Fig. 7) at the 
age of 65 days, or 24 months, after 40 days of anterior-lobe 
feeding. The control at this period ( Fig. 8) shows a relatively 
very much underdeveloped and immature testis. It thus 
becomes evident that the administration of anterior-lobe ex- 
tract shortened the period of complete sexual development by 
one month, or about one-third—a very considerable proportion 
of the brief period of sexual development in the rat. The 
remarkable maturity ( Fig. 7) of the testis of the animal receiv- 
ing anterior-lobe feeding at or before the age of 65 days—well 
before the normal time—is evidenced histologically by a very 
active karyokinesis ; the tubules are lined with the typical cell- 
rows (spermatogonia, spermatids, spermatocytes, spermatozoa ) 
in regular order, and spermatozoa are abundantly present. 
In fact the testis gives evidence of being more active than the 
testis of a normal adult rat of from three to four months of 
age. The testis of the control ( Fig. 8) is still immature ; there 
is practically no karyokinesis and no spermatogenesis, the 
tubules being lined merely with one or two rows of undiffer- 
entiated cells. The interstitial cells do not seem to increase in 
number proportionately to the increase in spermatogenic cells 
and spermatozoa. 


A CoMPARISON OF THE RELATIVE STIMULATING EFFECTS OF 
PosTERIoOR- AND ANTERIOR-LOBE (Prrurrary) FEEDING 
Upon GENERAL AND TESTICULAR DEVELOPMENT. 


With the positive demonstration, as shown in the preceding 
table, of the definite stimulating action of anterior-lobe extract 
upon the development of the sex glands, interest was aroused 
in the comparative effect of posterior-lobe feeding. ‘To test 
this point two male rats of Litter IIIT were used—the male of 
Pair I and the single male. It so happened that the single 
male, to whom anterior-lobe extract was administered, suffered 
from a complication (intestinal obstruction) following surgi- 
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cal removal of the right testis in another study, and for this 
reason had to be sacrificed at the age of 34 months, after 25 
months of anterior-lobe administration. The male of Pair | 
continued to receive posterior-lobe extract over a period of 74 
months, until he was sacrificed at the age of 84 months. An 
interesting comparison of the results in the two animals was 
then made, as shown in the accompanying table. The growth 
of the animal fed with anterior lobe, not only in general but 
also as regarded the sex glands, was considerably in excess of 
that of the male of Pair I, to which posterior-lobe extract was 
administered ; and in spite of the great difference in the ages 
of the animals at autopsy (3$ months as compared with 84 
months), the development of the sex glands was farther ad- 
vanced in the animal aged 34 months, after anterior-lobe feed- 
ing, than in the animal receiving posterior lobe, at the age of 
84 months. 
that posterior-lobe extract does not bring about a stimulus to 


This would appear to be rather striking evidence 


development of the sex glands in any way comparable to that 
exerted by anterior-lobe extract. 


Male, Pair I.—Posterior-lobe extract, 0.1 gm. daily for 14 days, 
beginning March 9, when the animal was 25 days old; then 0.05 gm. 
daily for 7 months, or until the animal was sacrificed, October 25, 
at the age of 8 months and 16 days. 

Single Male.—Anterior-lobe extract, 0.1 gm. daily for 14 days, 
beginning March 9, when the animal was 25 days old; then 0.05 gm. 
for 2 months, or until sacrificed June 1, at the age of 3 months and 
16 days. 


TABLE VI.—A COMPARISON IN TWO MALE RATS OF THE 
INFLUENCE OF POSTERIOR-LOBE FEEDING OVER A 
LONG PERIOD (7% MONTHS) AND ANTERIOR-LOBE 
FEEDING OVER A SHORT PERIOD (2% MONTHS). 

LITTER III. 


Male, Pair I. 
Date. Posterior-lobe feeding 7% 
} months. 
Age at autopsy, 8% months. 


Mar. 8. Weight, 23.7 gms. 


Mar. ¥. Feeding of posterior-lobe ex-/Feeding of anterior-lobe extract 
tract begun, at first in 0.1 begun, at first in 0.1 gm. 
gm. doses for 14 days, then doses for 14 days, then in 0.05 
in 0.05 gm. doses for 7% gm. doses for 2 months, or 
months, or until the animal until the animal was sacrificed. 
was sacrificed. 


Single Male. 
Anterior-lobe feeding 2% 
months. 

Age at autopsy, 314 months. 


Weight, 23.6 gms. 


May 17. Weight, 124.5 gms. Weight, 146.9 gms. 

Rat not as large and vigorous as Rat has grown more rapidly and 
anterior-lobe-fed animal. Fur has gained in at much 
thinner and more delicate. Ex- faster than male, Pair I, which 
ternal genitalia smaller. received posterior-lobe extract. 

Fur is harsher and thicker. 
Animal is more vigorous in 
general. External genitalia, 
both on inspection and on 
palpation, are definitely larger 
than those of animal fed 
posterior lobe. 


. Animal 
ately large. 
Tendency to diarrh@a from be- 
ginning of posterior-lobe feed- 3% months. 
ing. Right Testis: Weight, 1.720 
gms. Large and normal in ap- 
pearance. 
Seminal vesicles large, filled, and 
tense. 
Feces formed at all times. 


Oct. 25. Animal = sacrificed. Age 8% 

months. 

Weight of right testis and epi- 
didymis, 2.28 gms. 

Weight of left testis and epi- 
didymis, 2.240 gms. 

Weight of seminal vesicles and 
vasa, 2.420 gms. 

Testis large and of normal ap- 
pearance. Fair amount of 
secretion in seminal vesicles. 


rowing. Testes moder- Animal sacrificed because of com- 
plication following surgical 
removal of right testis. Age 


June 
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HISTOLOGICAL COMPARISON OF TESTIS OF MALE, PAIR I, AT THE Aur 
oF 8% MONTHS AND AFTER 74% MONTHS OF POSTERIOR-LOBE F'EEp- 
ING, WITH TESTIS OF SINGLE MALE AT THE AGE OF 3% Montus 
AND AFTER 2% MONTHS OF ANTERIOR-LOBE FEEDING. 


Left Testis: Weight, 2.240 gms. Left Testis: Weight, 1.720 gms. 
Spermatogenesis observed but Spermatogenesis active and more 
not active. Tubules present a normal-appearing. The tubules 
more abnormal appearance are lined with a greater num 
than in testis of anterior-lobe- ber of cell layers in regular 
fed animal, in that the lining order. Spermatozoa appear 
cell layers are fewer and the more mature. ‘The striking 
lumina contain many imma- effect of anterior-lobe feeding 
ture, elongated spermatozoa is seen in this animal at the 


and relatively few mature' age of 3% months as com 
ones, although the animal was 
8% months old. 


Epididymis: The lumina here 
are somewhat larger than in 
the epididymis of the single 
male. The lining columnar 
cells are not as tall. There 
are many spermatozoa in the 
tubules, and few other cells. 


Interstitial cells are few and 
small, 


Vascularity is less than in single 
male (anterior-lobe feeding). 
Prostatic Gland: The acini are 
larger and fewer in number; 
there is very little infolding 
of the epithelium, which is 
composed of low cubical cells. 
The lumina of the acini are 
distended with a homogeneous 
pink-staining secretion. Very 
few young newly formed acini 

(cf. Fig. 8). 


Seminal Vesicle: Smaller, less 
distended ;* epithelial lining 
lower and less branching into 
the lumen. 

Vas Deferens: Smaller, not dis- 
tended with secretion: n- 
tains no spermatozoa. Epithe- 
lium less tall and less ciliated. 
Muscle coat less bulky. 


pared with the posterior-lobe 
fed animal at the age of 8% 
months. 

Epididymis: Lumina appear 
smaller, due to the taller 
columnar lining cells. They 
contain many spermatozoa and 
many large karyokinetic cells. 
indicating a rapid casting off 
of cells following active cell 
division in the spermatogenic 
epithelium. 

Interstitial cells in places appear 
dense and larger than those in 
the testis of male, Pair I. 

Vascularity increased. 


Prostatic Gland: The acini are 
smaller, more numerous, with 
considerable infolding of the 
epithelium, which is composed 
of low columnar cells. It has 
the appearance of active hyper- 
plasia. Many of the smaller 
acini show much infolding of 
the epithelium and _ contain 
very little secretion (cf. Fig. 
9). 


Seminal Vesicle: Larger, mark- 
edly distended with secretion : 
epithelium slightly taller and 
shows much infolding. 

Vas Deferens: Larger, distended 
with secretion containing great 
numbers of spermatozoa. Epi- 
thelium tall, more ciliated. 
Muscle coat thicker. 


A comparison of the results of anterior- and posterior-lobe 
feeding given in Table VI shows, in brief, that anterior-lobe 
feeding over a period of 24 months has produced not only a 
greater bodily growth and development, but also a more rapid 
genital development than has followed posterior-lobe feeding 
for 74 months. Indeed it would seem, as heretofore stated, 
that posterior-lobe feeding has had a distinctly retarding influ- 
ence upon the development of the sex glands, for otherwise it 
would be difficult to understand the incomplete development of 
the testis of the male of Pair I, at the age of 84 months, as 
compared with the testis of the single male at the age of 34 
months. In other words, anterior-lobe feeding for 23 months 
has caused a more active and advanced spermatogenesis at the 
age of 34 months than is observed in the testis of the animal 
aged 84 months, after 7} months of posterior-lobe feeding. 
This effect of anterior-lobe feeding corresponds with the results 
in a previous experiment (Table V). 

Posterior-lobe feeding also tends to produce intestinal peri- 
stalsis, as indicated by the persistence of an occasional slight 
diarrheea. 

Anterior-lobe extract does not seem to cause any marked 
change in the number of interstitial cells. In the epididymis, 
however, the tubules are lined with taller and larger cells, and 
there are more spermatozoa and free cells in the lumina. The 
vascularity of the testis and epididymis is also increased. 


Thus it would appear that no matter what may be the age, 
even after maturity, of the animal! receiving posterior-lobe 
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Fic. 7.—Single Male I (anterior-lobe feeding). Fic. 8.—Male, Pair II (control). 


Figs. 7 and 8. Sections of right testes of two young rats of the same litter, removed when the animals were 
65 days or 2% months old. Testes in gross shown in Fig. 7A. 

Fig. 7. Typical appearance in section of the right testis of Single Male I, to which anterior-lobe extract was 
given over a period of 40 days from the time when the animal was 25 days old. 

Fig. 8. Typical appearance in section of the right testis of Male, Pair II, control, receiving no gland extract. 

Note in Fig. 7 the very active mature development of spermatogenesis with the production of numerous 
spermatozoa. 

Note in Fig. 8 the immature development of the spermatogenic tubules with very little cell division and without 
spermatozoa. Tubules lined simply with one or two rows of primitive spermatogenic cells. 


Fic. 7A.-Photographs (actual size) 
of the right testes of Single Male I 
(anterior-lobe feeding for 40 days) 
and Male, Pair II, control (without 
gland feeding). The testis repre- 
sented in the lower photograph, and 
taken from the animal receiving the 
anterior-lobe extract, weighed 0.980 
zm. as compared with 0.570 gm. the 
weight of the testis of the control 
represented in the upper photograph. 


Fic. 9.—Male, Pair I (posterior-lobe feeding Fic. 10.—Single Male (anterior-lobe feeding 
7% months). Age of animal at autopsy, 8% 2% months). Age of animal at autopsy, 3% 
months. 565. months. 55. 


Fig. 9. Representative section from the prostatic gland of a rat 8% months old, after feeding of pituitary 
posterior-lobe extract for 7% months. 

Fig. 10. Similar representative section from another rat 3% months old of the same Litter III, after only 2% 
months of feeding of pituitary anterior-lobe extract. 

Note the hyperplastic appearance of the prostatic gland (Fig. 10) in the animal who had received anterior-lobe 
extract, notwithstanding the fact that this animal was far younger than the male whose prostatic gland is repre- 
sented in Fig. 9; an indication of the marked stimulating action of the anterior-lobe extract and the possible 
inhibiting action of posterior-lobe extract. 
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extract, the testis never reaches the stage of development and 
activity observed in the testis of an animal receiving anterior- 
lobe feeding. 

In a previous experiment (page 39, Table V) and in Figs. 7 
and 8 evidences are given for believing that anterior-lobe feed- 
ing has a marked stimulating action upon the development of 
the testis. The prostatic gland, seminal vesicle and vas 
deferens were not examined in this case. This stimulating 
action of the anterior-lobe extract was undoubtedly exerted 
upon the latter organs also, for in the experiment just quoted 
we find evidences of increased and active development on the 
part of the prostatic gland, seminal vesicle and vas deferens as 
well as the testis, as a result of a brief period (2$ months) of 
anterior-lobe administration, as compared with posterior-lobe 
administration over a period of 74 months. To illustrate this 
point, representative sections from the prostatic glands of the 
two males under consideration were drawn, and are shown in 
Figs. 9 and 10. The differences are striking, and the figures 
with their legends are self-explanatory. 

In Table VI it is stated that the testis of the male of Pair I, 
the animal receiving the posterior-lobe extract, shows a very 
inactive spermatogenesis in comparison with the testis of the 
single male fed with the anterior-lobe powder. As a result, as 
would be expected, there are very few mature spermatozoa in 
the former, whereas in the latter spermatozoa are very abun- 
dant. As an index of the active spermatogenesis produced by 
anterior-lobe feeding we have, in addition to the appearance 
of the testes themselves, the presence of great numbers of 
spermatozoa in the secretion distending the vas deferens in the 
former (Figs. 12 and 12A), while in the case of the animal 
receiving posterior-lobe powder the vas contains no sperma- 
tozoa, and no secretion, and the walls are collapsed (Fig. 11). 
These differences in spermatogenic activity are all the more 
striking when one realizes that the animal receiving the 
anterior-lobe feeding (Fig. 12) was only 34 months old, while 
the animal receiving posterior-lobe feeding was 83} months old 
when the autopsy was performed. 


Tue Errecr or Protoncep Frepine or Pirurrary (AN- 
TERIOR Lope) Extract Upon BREEDING AND PREGNANCY 
AND Upon THE Finat DEVELOPMENT AND HISTOLOGICAL 
APPEARANCE OF THE SEX GLANDS. 


In view of the definite stimulating influence of anterior-lobe 
feeding upon the development of the genital system in both 
male and female, resulting in the early maturity of testes and 
ovaries, it was thought of interest to observe the effect of 
anterior-lobe feeding on one pair of rats, using as controls a 
second pair of the same litter without glandular administra- 
ion, in order to determine whether, with the early histological 
maturity, the sexual instincts were also prematurely developed, 
and also whether the animals were fertile at the early age at 
which the testes and ovaries were known to be mature. The 
animals were observed ‘for a sufficient length of time to enable 
us to draw some fairly definite conclusions. They were kept 
in adjoining cages under precisely similar circumstances and 
under conditions as nearly quiet and undisturbed as possible. 


At the beginning of the observation both the male and the 
female of the control pair were a trifle larger and heavier than 
the pair selected for the feeding of anterior lobe, and thus the 
odds of the experiment were placed in favor of the control 
animals. 

Two pairs of rats of Litter I, born January 31, 1913, were 
used in this observation. On March 5 the weights were as 
follows: Male, Pair I, 32.1 gms.; male, Pair II, 33.3 gms.; 
female, Pair I, 27.6 gms.; female, Pair II, 29.7 gms. The 
lighter pair, as stated, were selected for the glandular feeding, 
the heavier, Pair II, being used for control. The feeding of 
anterior-lobe extract was begun on March 6, in daily doses of 
0.1 gm., and was continued in this dosage for 16 days, after 
which time 0.05 gm. was given daily until November 22, when 
the animals were sacrificed. The feeding was thus begun when 
the animals were 34 days old and was continued for approxi- 
mately 8} months. 

Pair I, Male and Female.—Anterior-lobe extract for a period of 
8 months, beginning when the animals were 34 days old. Both 
were sacrificed when approximately 10 months old (accurately, 9 
months and 22 days). 

Pair II, Male and Female.—Used as controls. The autopsy on 
the male was done at the age of 10 months, and on the female at 
the age of 7 months and 6 days. 

The condensed protocols are given in tabulated form in 
Table VII, to show the general effect of continued anterior- 
lobe feeding upon growth, weight and development, and upon 
the time of breeding, the rapidity of successive pregnancies 
and the size of the litters. In Table VIII are given the histo- 
logical findings at the age of 10 months in the ovaries and 
testes of the pair receiving anterior-lobe feeding, as compared 
with the findings in the sex glands of the control pair—in the 
male at the age of 10 months and in the female at the age of 
7 months and 6 days, at which age this animal, although adult 
and mature, died suddenly. 

in summarizing the comparative observations on the male of 
Pair I (anterior-lobe feeding) and the control male of Pair II, 
it is seen that—in spite of the fact that at the beginning of the 
experiment, when the rats were weaned, the male of Pair I 
weighed less than the control male of Pair II (32.1 gms. as 
compared with 33.3 gms.)—nevertheless, the male of Pair I, 
receiving anterior-lobe extract, very soon overtook the control 
male in weight (cf. under March 30). This difference in 
weight gradually increased during the succeeding 7 months, 
until at the end of the experiment, when the animals were 
sacrificed, the weight of the animal receiving anterior-lobe 
feeding was 256.8 gms., or 26.4 gms. in excess of the weight 
of the control (cf. November 22 and 30). With this marked 
increase in weight there was a more active development of the 
external genitalia, and an earlier complete descent of the testes, 
which even on gross inspection and palpation were definitely 
larger than those of the control male. There was also an 
increased weight of the testes both absolutely and proportion- 
ately to the body weight. Thus, for example, using the right 
testis of each animal for comparison, the weight of the testis 
in the case of the male receiving anterior-lobe extract was 
0.73 gm. per 100 gms. of body weight, as compared with 0.59 


TABLE VII. 


Date 
Mar. 5 
Mar. 12 
Mar. 18 
Mar. 25 
Mar. 30 
Apr 6 
Apr. 20 
May 
June 1, 
June 4. 
June 6 
June 22 
July 27 
Aug. 30 
Sept 1 
Sept 4 
Sept 6. 
Sept. 28. 
Oct 5. 
Oct. 12. 


CONDENSED TABULATED PROTOCOLS OF TWO PAIRS OF RATS OF LITTER I, TO SHOW THE CONDITIONS 


AFTER PROLONGED FEEDING OF ANTERIOR-LOBE EXTRACT TO PAIR I, AS COMPARED WITH THOSE 
IN CONTROL PAIR II RECEIVING NO GLANDULAR EXTRACT. 
(With special reference to weight, growth, development, breeding, pregnancies, and the size of the litters.) 


Pair I. 
Anterior-lobe feeding for S' months, begun Mar 5. 


Female. 
autopsy, 10 


Male 


Age at autopsy, 10 months. Age at months. 


Weight, $32.1 gms Weight, 27.6 gms. 


Weight, 38.7 gms Weight, 20.0 gms. 


Testes descended at all times Smaller than mate, 
Weight, 41.0 gms. Weight, 29.7 gms. 
Testes descended Hair delicate. Animal in good condition. 


Animal active and playful 
Weight, 45.5 gms. 
large. Nipples barely perceptible. 
tendency to diarrhaa., 


Weight, 58.9 gms 
External genitalia quite 
Slight tendeney to diarrhera, 


Slight 


Weight, 68.8 ems. Weight, 51.9 ems. ; 
Animal has overtaken control male Nipples quite distinctly visible and 
in weight. well marked. 


Weight, 69.9 gms. 
Hair thicker and harsher than that 
of control. 


Weight, 90.6 gms 

Rat more vigorous 
External genitalia 
those of control 


control 
than 


than 
larger 


Weight, 108.2 ems. Weight, 79.2 gms 
Weight, 144 ems Weight, 115.1 gms. 
than con- Nipples more prominent, abdomen 


Animal larger in general : 
y fuller than in control, 


trol. Testes definitely larger. 
Weight, 167.4 gms Weight, 146.4 gms. 
estes larger than those of control|.luimal pregnant. Uas gained 21 
male. | gms. in weight in one week. As 
large as male of this pair. 
Nipples large. Vagina larger 
than that of control. 


Pregnancy I. 

Female of this pair gave birth on this date to a litter of six, apparently 
at full term. No abnormalities noted in the young, nor in the mechan- 
ism of parturition, Three were killed by the parent animal; two 
died of exposure, and the remaining one died on the following day. 
The average weight of the young was 3.9 gms. This first litter, then, 
was born when the parents were 124 days, or 4.1 months, old. 


Weight, 114 gms. 


Male replaced in cage with female 
Animal appears well and active. 


Weight, 182.8 gms. Weight, 124.8 gms. 


Animal considerably larger than Nipples have become smaller, but 
control male. External genitalia are still) definitely larger than 
still definitely larger Hair those of control female. 
courser. 

Weight, 198.9 gms. Weight, 140.6 gms. 

More vigorous than control. Testes Nipples still definitely larger than 
considerably larger. those of control female. 

Weight, 225.5 gms Weight, 184.6 ems. 

Animal pregnant the second time. 


Abdomen bulging in flanks. 


Pregnancy II. 
Female of this pair gave birth on this date to a second litter of three. 
The young are normal and healthy-looking. Mother in good condition. 
Young are designated hereafter as Rat A, Rat B, and Rat ©. 


Weight, 235.5 gms Weight, 153.0 gms. 


Weight, 236.6 gms. Weight, 160.4 gms. 
rhe young of the second litter, Rat A, Rat B, and Rat C, were weaned 
on this date. he feeding of anterior-lobe extract was begun to Rat 
A and Rat ©, which were paired. Rat B was given ovarian extract. 
(For further pretocols of these animals see table following.) 
Weight, 254.9 gms, Weight, 180.6 gms. 
Nov. 22. 
Weight, 256.8 gms. 
Animal sacrificed. 


Nov. 22. 
Weight, 182.6 gms. 
Animal sacriticed. 


Lutopsy. lutopsy. 


Testes noticeably larger than those; Weight of ovaries, uterus and upper 


of control male, and more vascu- 
lar Tubules plainly visible in 
the gross. 
Weight of right testis, 1.89 gms. 
Weight of left testis, 1.90 gms. 
Weight of seminal vesicles, prostate 
and bladder, 3.06 gms. 


vagina, 0.780 gms. 


(42) 


Pair II. Control. 
No glandular administration. 


Female. 
Age at autopsy, 7 months, 1 


Male. 


Age at autopsy, 10 months. Week 


Weight, 33.3 gms Weight, 29.7 gms. 


Weight, 32.2 ¢ms 
Nothing of special note. 


Weight, 57.9 gms 

Testes at times descended, at other 
times disappear into abdomen. 
Vigorous-looking animal. 


Weight, 43.3 gms. Weight, $2.4 gms 
Testes fairly large, and descended at 

all times. ‘ 
Weight, 61.8 gms Weight, 49.3 gms. 


Nipples as in female of Pair I. 
looseness of bowel movements 


External genitalia about as in male No 
of Pair No tendency to loose 


bowel movements. 

Weight, 52.7 

Nipples prominent, though possibly 
less so than in female of Pair | 


Weight, 66.1 

External genitalia about as in male 
of Pair 

Weight Weight, 62.6 ems. 


S4.8 ems. 


Animal not as vigorous as male of Tair softer, thinner and more 
Pair delicate than that of female of 
Pair I. 
Weight, 8S? gms. Weight, 68.6 gms. 
Weight, 95.5 ems. 
Nipples very small ; just visible. 
Weight, 122.1 gms. 
Testes notic Smaller than female of Pair | 


Nipples very much smaller: just 
visible Fur softer. Vagina 
smaller. 


Pair I 


of male of 


No signs of pregnancy. 


Weight, 150 gms. Weight, 130.6 gms. _ 
Genitalia smaller than those of male Nipples becoming slightly larger. 
of Pair I. Hair softer and finer. Ut are definitely smaller than 
those of female of Pair 
Weight, 161.7 gms. Weight, 143.8 gms. 
Rat smaller than male of Pair I. Nipples still very small—much 
Testes smaller. smaller than those of female of 
Pair I. 
Weight, 189.7 gms. Weight, 172.5 gms. 


Weight, 155.1 gms. 

Animal found dead in cage on this 
date. Had recently lost weight. 
Seemed in good condition on pre- 
vious day. 


Weight, 101.4 gms. 


Autopsy. 

Autopsy done on same day. Very 
little subcutaneous fat. Some fat 
in omentum and mesentery. 

Combined weight of both ovaries. 
0.145 gm. Small, reddish. 
hwemorrhagic-looking nodules, re- 
sembling corpora lutea, in each 
ovary. Cornua of uterus have an 
wdematous appearance. Death 
due to pneumonia. 


Weight, 207.2 gms 


Weight, 222. 


vms 
gms 


Novy. 30. 
Weight, 230.4 gms. 
Animal sacrificed. 
Autopsy. 
especially 


Testes not large 0 
vascular. 

Weight of right testis, 1.370 gms. 

Weight of left testis, 1.460 gms. 

Weight of seminal vesicles, prostate 
and bladder, 2.830 gms. 


Moderate amount of fat in retro- 
peritoneal tissues; very little in 
omentum. 


Hair not particularly coarse. 


| 
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Fic. 11. Fig. 12. Fig. 12A. 
Fic. 11.—Vas deferens of Male, Pair I (posterior-lobe feeding for 7% months). X 41. 
Fic. 12.—Vas deferens of Single Male I (anterior-lobe feeding for 24% months). X 41. 
Fic. 12A.—High power drawing of area (a) in Fig. 12, showing numerous spermatozoa in the lumen of the vas which is 


lined with tall ciliated columnar cells. » 170. 
Note in Fig. 12 the vas deferens distended with secretion containing large numbers of spermatozoa, as compared with the vas 


in Fig. 11 from which secretion and spermatozoa are absent. 


Fic. 13.—Left testes, seminal vesicles and prostatic 
glands of two males of the same litter (cf. Tables XI, 
XII and XIII), to one of which corpus-luteum extract 
was fed over a period of 6 months, the other being 
used as the control. Note the smaller size of the sex 
glands in the ovarian-fed male, to the left in the 
figure. The weight of testis of the ovarian-fed animal 
was 1.93 gms., as compared with 2.30 gms. in the con- 
trol; seminal vesicles and prostatic gland, 1.7 gms., 
as compared with 1.8 gms. in the control. 

Note difference in the size of the seminal vesicles 
(s. v.) and the prostatic lobes (p. 1.) in the two cases. 
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em. per 100 gms. of body weight of the control male. The fur 
of the fed animal was also coarser and thicker. 

In the case of the female rats similarly observed, the results 
are practically analogous. The weight of the female of Pair I 
was less at the beginning of the experiment than that of the 
control, being 27.6 gms., as compared with 29.7 gms. Very 
soon. however, the female of Pair I, receiving anterior-lobe 
extract, overtook the control female in weight, on April 6 
weighing 69.9 gms., as compared with 62.6 gms. This over- 
weight increased and was maintained during the succeeding 
five months, except immediately following the pregnancies ; 
and on October 12, when the animal had recovered from her 
second pregnancy, she weighed 180.6 gms., as compared with 
155.1 gms., the best weight of the control female, on Septem- 
ber 6. With this increase in the weight of the female receiving 
anterior lobe there was also a more rapid development gener- 
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| normal and healthy, did not breed at all. Granting naturally 

| that a single observation of this kind is in no way conclusive, 
it would nevertheless seem to indicate that, although under 
the somewhat unfavorable laboratory conditions the control 
animals failed to breed at all, the feeding of anterior-lobe ex- 
tract to Pair I acted as a stimulant to breeding and offset the 
possible inhibiting influences of the laboratory environment. 

| In regard to the size of the litters no definite comments can be 

| made. After the first pregnancy there were six young, a fairly 

| large litter. The second litter, however, was a small one, con- 
sisting of only three young. 

In addition to noting the effect of prolonged feeding of 
anterior-lobe extract upon growth, development and breeding 
in this experiment, it was also possible to observe whether the 
early signs of activity of the sex glands were still visible after 

| 83 months of glandular feeding; whether the normal control 


TABLE VIII—SHOWING THE LATE EFFECT UPON THE WEIGHT AND HISTOLOGICAL APPEARANCE OF THE SEX GLANDS 


IN A PAIR OF RATS AFTER PROLONGED FEEDING 
PARED WITH THE CONDITIONS IN ANOTHER 


OF PITUITARY ANTERIOR-LOBE EXTRACT AS COM- 
PAIR RECEIVING NO GLANDULAR EXTRACT. 


LITTER I. . 


Pair I, Male. | _ Pair II, Male. Control. Pair I, Female. Pair If, Female. Control. 
Anterior-lobe feeding 8% months. No glandular administration. Anterior-lobe feeding 8% months. No glandular adminisrtation. 
Weight, 256.8 gms. Weight, 230.4 gms. Weight, 182.6 gms. Weight, 172.3 gms. 


Weight of ovaries, uterus and 


Weight of left testis, 1.46 gms. 
vagina, 0.780 gms. 


Weight of left testis, 1.90 gms. 
Weight of right testis, 1.370 gms. 


Weight of right testis, 1.89 gms. 


upper Weight of ovaries (alone), 0.145 gms. 


Spermatogenesis active. Tubules con- Spermatogenesis less active than in Ovary larger than that of the female|/Ovary smaller than in the female of 
tain a fair number of spermatozoa male of Pair I. Tubules contain’ of Pair II, and contains very few Pair I, and contains more primitive 
and are lined with several rows of fewer spermatozoa and are lined primordial, several medium-developed follicles, more developing and more 
cells in typical order. with fewer cell layers. and a few large follicles. There are mature follicles. Corpora’ lutea 

Epididymis contains a great many|Hpididymis contains few spermatozoa— several vacuolated cellular corpora fewer in number, larger and less 
spermatozoa. The lining cells con- much less numerous than in the male’ lutea, with beginning formation of fibrous and organized——i. e., younger. 
tain a large amount of lipoidal sub- of Pair I. Lumina of tubules smaller, corpora fibrosa. Corpora hwemorrhagica seen in the 
stance; there is vacuolation about less tall, contain less lipoidal sub- gross specimen. 
the nuclei; the cells are more; stance and show less vacuolation /nterstitial tissue rich in cells. /nterstitial tissue abundant and cellu- 


about the nuclei. 


ciliated. 
Interstitial cells are very few in num- 


Interstitial cells present in fair num- 


ber; more numerous than in the ber: they appear definitely fewer 
control male. than in the oak of Pair I. 

Testis larger and more vascular on|Testis smaller and less vascular on 
gross inspection than that of the gross inspection than that of the 
male of Pair IT. | male of Pair I. 


Prostate :\Seminal Vesicles and Prostate: Weight, 
2.830 gms. Definitely smaller than 
in the male of Pair I; contain few 
free cells and spermatozoa. 


Vesicles and 
Weight, 3.06 gms. No special dif-| 
ference from male of Pair II, ex- 
cept as to size and the larger num- 
ber of spermatozoa. 


Seminal 


ally; the nipples became larger and the hair coarser and 
thicker. 

In regard to breeding, pregnancy and parturition, it is 
interesting to note that Pair I, receiving anterior-lobe extract, 
bred at the early age of 3} months and that the female gave 
birth to a litter of six young when she was + months and 1 week 
old (cf. June 4)—a fact which demonstrates that the instincts 
are early awakened and that the female can be impregnated at 
this comparatively early age as a result of the premature histo- 
logical maturity of the testis and ovary produced by the feed- 
ing of anterior-lobe extract. This latter effect was also shown 
in an earlier experiment (Tables V, VI and VII). 

There was nothing abnormal noticed about either pregnancy. 
The second pregnancy and delivery of three young occurred 
after an interval of three months—which may be considered a 
rather rapidly succeeding pregnancy under the somewhat 
abnormal breeding conditions of a laboratory. There were, 
then, two pregnancies in the pair receiving anterior-lobe feed- 
ing by the time the animals were 7 months old. During this 
period the control pair, although they appeared in every way 


lar. 
Vascularity, as seen at hilus, greater Vascularity, as seen at hilus, less than 
than in the female of Pair II. in the female of Pair I. 
Fimbriated end of tube much branched, Fimbriated end of tube branched, less 


and lined with tall, ciliated columnar active-looking. 
cells. 

Fallopian tube lined with tall cells, /allopian tube smaller; lining cells less 
partly ciliated; mucous membrane tall; lumen larger; less folded 
much folded; muscle coat thick. mucous membrane, muscle coat 

| thicker. 


Cornu of uterus lined with thick, much|Cornu of uterus lined with thinner, less 
folded mucous membrane containing folded, less vascular mucous mem- 
a few glands; lumen smaller than in brane, containing no glands. Muscle 
female of Pair If; vascularity coat less well developed. 
greater. Muscle coat well developed. 


animals in due time reached the stage of development acquired 
much earlier by the fed animals, and whether the early over- 
development of the sex glands of the fed animals, as compared 
with the controls, was maintained throughout the subsequent 
| adult life of the animals. 

| Table VIII gives the weights of and histological findings in 
the sex glands of the male and female rats of Pair I, Litter I, 
fed with anterior-lobe extract for 84 months, as compared with 
the sex glands of the control male and female of Pair II. The 
control female, though younger at the time of autopsy than the 
female receiving anterior lobe, was nevertheless mature enough 


to serve for the purpose of comparison as a normal adult con- 
trol rat. 

The results in the case of the two males will be summarized 
first. Both animals were approximately 10 months old when 
they were sacrificed—fully matured adult rats. It will be seen 
that the sex glands of the animal receiving anterior-lobe 
extract over a period of 84 months still continued to show a 
greater and more active development that those of the control. 
This is indicated by the following findings: The weight of the 


| 

| 
| 

| 
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testis is greater, both absolutely and in relation to the body- 
weight; spermatogenesis is more active; the epididymis con- 
tains many more spermatozoa and is made up of tubules with 
larger lumina and taller lining cells, containing more lipoidal 
substance ; the interstitial cells of the testis are more numer- 
ous; the seminal vesicles and prostatic gland are larger and 
heavier; the vas deferens is larger and more distended, and 
contains many more spermatozoa; and the vascularity of the 
testis is greater in general. These results are at variance with 
those of Behrenroth, who states that in a short time the control 
animal reaches the stage of development of the fed animal, 
thus suggesting that the effect of pituitary administration (in 
his experiments by subcutaneous injections) lasts only for a 
time in the early life of the animal, and that there are no 
permanent or late changes. 

In comparing the results in the females we find that the 
differences observed in the weight and appearance of the sex 
glands are comparable to those in the sex glands of the males. 
The control female of Pair II died of acute pneumonia at the 
age of 7 months and 1 week, but this discrepancy in age, 
though unfortunate for a precise comparison, nevertheless does 
not alter the value of the observation, for after the age of 7 
months a difference of 2 months in age would make practically 
no appreciable alteration in the histological appearances of the 
ovaries and uteri. Furthermore, the differences observed in 
these two animals are far in excess of any change that could 
be attributed to the difference in their ages. Thus we find 
that the ovary of the fed animal is larger in the gross than 
that of the control. (A record of the weight of the ovaries 
alone was unfortunately lost.) Also the ovary of this animal 
contains a number of corpora lutea with beginning formation 
of corpora fibrosa, several large and medium-sized Graafian, 
and a few primordial, follicles. The ovary of the control con- 
tains a greater number of primordial follicles, more developing 
and mature Graafian follicles and few corpora lutea, which in 
this animal are younger, less fibrous and less organized. In 
the gross specimen corpora hemorrhagica were also observed. 
These findings would seem to indicate that the ovary of the 
female receiving anterior-lobe feeding is an older, a more 
senile ovary, so to speak, which has run its course and has 
undergone a far more extensive ovulation, as indicated by the 
few primordial follicles and the presence of corpora fibrosa. 
Furthermore, the ovary of the fed animal shows a rich amount 
of interstitial tissue and a greater vascularity than that of the 
control ; the Fallopian tube has a more highly branched fimbri- 
ated extremity, the lining cells of the tube are taller and more 
uniformly ciliated, and the muscle coat is thicker; the uterus 
is lined with a thicker endometrium, which is more vascular 
and more folded, contains glands which are absent in the con- 
trol and has a heavier musculature. 

We have, then, evidence that pituitary anterior-lobe extract 
exerts its stimulating influence upon both the male and the 


female sex glands, not only in early life but also well into the 
adult period, and that this influence is not specific for any 
single part, but affects the whole of the sexual system. 


[No. 300 


Tue INFLUENCE oF ANTERIOR-LOBE FEEDING CarRIED 
TurovuGH THE Parents INTO THE SECOND 
GENERATION. 

We have seen that the feeding of anterior-lobe extract to 
young rats causes an early maturity of the testes and ovaries, 
and we might therefore expect early breeding and pregnancies 
with possibly larger litters, since ovulation is markedly stimu- 
lated. It also seems reasonable to suppose that the younger 
the animal at the beginning of the glandular administration, 
and the longer the feeding is continued, the more marked will 
be the stimulating action exerted. The possibility was thus 
suggested of subjecting an animal to anterior-lobe stimulation 
during intra-uterine life and during the period of lactation by 
administering the extract to the mother, and at the end of the 
period of lactation by giving the glandular extract by mouth 
as in the case of the parents. A single experiment, which 
yielded several suggestive findings, may be here reported. 

To the parent pair of Litter I (cf. Table VII) anterior-lobe 
extract had been given from the time when the animals were 
34 days old, and was continued during the two pregnancies— 
in fact until the animals were sacrificed. As a result of the 
second pregnancy a litter of three rats was born; these are 
designated as Rat A (female), Rat B (male) and Rat C 
(male). The young having been weaned at the age of 31 days, 
a daily dose of 0.05 gm. of anterior lobe in pill form was given 
to Rat A and Rat C, which were paired. To the remaining 
male, Rat B, ovarian extract (corpus luteum) was given daily 
in the same dosage. In this way Rat A and Rat C were sub- 
jected throughout their intra-uterine as well as extra-uterine 
life to anterior-lobe stimulation. It was believed that in this 
way an even greater body growth and an earlier and more 
active sexual development could be produced than in the ex- 
periments heretofore reported. In the case of Rat B, the re- 
maining male, ovarian extract, for the sake of comparison, was 
substituted for the anterior-lobe feeding. 

Although the facts as brought out in this single observation 
are in no way conclusive, they are nevertheless very suggestive 
and for this reason are given here. The more rapid growth 
and increase in weight of the rat of the second generation is 
well illustrated in Rat C as compared with his male parent. 
At corresponding ages it is found that Rat C was considerably 
heavier than his male parent. Thus, soon after weaning, when 
34 days old, the parent male weighed 32.1 gms., whereas Rat 
C, when only 31 days old, weighed 51.7 gms. Again, at the 
age of 80 days the parent male weighed 108.2 gms., as com- 
pared with 126.6 gms., the weight of the young Rat C at the 
same age. In the case of the females the difference in weight 
at the age of 80 days is even more striking, the parent female 
weighing 79.2 gms. as compared with 117.1 gms., the weight of 
the female offspring. 

In regard to the time of breeding and the first pregnancy we 
find that Rat A and Rat C of the second generation bred at 
the age of 74 days, as compared with 104 days, or 3$ months, 
in the case of the parent pair. In the case of the parent pair 
the first litter was born after 125 days, or 44 months, as com- 
pared with 95 days, or 3} months for the young pair. Thus 
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we see that breeding and pregnancy occurred one month earlier | 


in the pair of the second generation—a period more than one- 
third of the normal time of adolescence of the rat—consider- 
ably earlier than the average normal breeding-time. We see, 
too, that the litter born to the pair of the second generation 
numbers eight as compared with six in the litter of the parent 
pair. The average weight of the young, however, is greater 
in the litter of the parents, the average being 3.9 gms. as com- 


A comparison may also be made between the two males, Rat 
C and Rat B, the former receiving anterior-lobe stimulation 
throughout, and this effect in the latter being interrupted by 
the substitution of ovarian feeding when the animal was 
weaned. The feeding of anterior-lobe and ovarian extracts 
was continued during the succeeding 6 months. Both animals 
were sacrificed on March 30, 1914, at the age of 7 months. At 
the beginning of the experiment the slight advantage in 


growth and development was in favor of Rat B, which received 


pared with 3.56 gms., the average weight of the young in the 
the ovarian extract (cf. difference in weight September 22). 


litter of the second generation. So far, then, as the results of 
TABLE IX.—CONDENSED TABULATED PROTOCOLS SHOWING THE EFFECT OF ANTERIOR-LOBE FEEDING IN PARENT 
PAIR CARRIED THROUGH THE YOUNG OF THE SECOND GENERATION. 
LITTER I, PAIR I (PARENTS). ANTERIOR-LOBE FEEDING. 


A litter of three rats born Sept. 4. Rat A (female), Rat B (male), Rat C (male). Rat A paired with Rat C. 


Rat A (female). Rat C (male). Rat B (male 
Date. Anterior-lobe feeding, begun Oct. 5. Anterior-lobe feeding, begun Oct. 5. Ovarian feeding, ead Oct. 5. 
Sept. 22. |Weight, 23.8 gms. \Weight, 26.8 gms. |Weight, 27.9 gms. 
Sept. 26. | weight, 26.2 gms. Weight, 29.3 gms. Weight, 30.5 gms. 
Sept. 28. |Weight, 34.2 gms. Weight, 39.1 gms. Weight, 43.9 gms. 
oct. 5. Weight, 47.8 gms. Weight, 51.7 gms Weight, 57.4 gms. 


|Weaned on this date ond goined with Rat C|Weaned and paired with Rat A (female). An-|Weaned on this date. 

| (male). Anterior-lobe feeding begun. Vaginal terior-lobe feeding begun. Testes descended |Ovarian feeding begun, for comparison with Rat 

| septum not yet perforated C (anterior-lobe feeding). estes descended. 
Oct. 12. | Weight, 57.2 gms. Weight, 78.1 gms. 

— septum not yet ruptured. Animal smaller than Rat B (ovarian fed).|Larger generally than Rat C, receiving anterior 
Testes large—possibly slightly larger than| lobe. 


and fairly large. 
Weight, 63.4 


testes of Rat B. 

Oct. 19. Weight, 67.4 gms. |Weight, 73.9 ¢ Weight, 89.6 gms. 

|Vaginal septum unruptured. — ‘possibly slightly larger than those of 
fat 


Oct. 26. (Weight, 92.8 gms. 
|Hymen ruptured. Free entrance into vagina. 


Nov. 22. |Weight, 117.1 gms. 
|Nipples still quite small. Animal smaller than Rat B (ovarian-fed). Testes quite large. 


| Weight, 136.8 gms. Weight, 136.3 gms. Weight, 173 gms. 

Definitely pregnant. Rapid gain in weight. Ab-|Although animal is smaller generally than Rat/Animal has grown larger and has become fat 
domen full; blood-stained secretion in ye B, the testes are as large, if not larger, than more rapidly than male Rat C (anterior-lobe). 
Nipples rapidly increasing in size. (Preg-| those of the ovarian-fed animal. Rat removed| Fur seems heavier and coarser. (Similar 
nancy in less than three months.) from female to-day. facts observed in the case of ovarian-fed male 

of Litter I—cf. Table XI.) 


Weight, 105 gms. Weight, 123.5 gms. 


Weight, 126.6 gms. Weight, 165 gms. 


i 

Dec. 8. | Rat A, weight, 160.5 gms. 

Gave birth to-day to a litter of eight young. Three died soon after birth. and one was killed 
by the parent rat. One of the dead young still in its membranes with cord and placenta 
attached. The dead young present no abnormalities, but are smaller than the four living. 
Mother neglected the young, as in the case of the first pregnancy of the parents, Litter I, 
Pair I. Fair amount of bleeding during parturition. 

Average weight of three of the dead young, 3.56 gms. 

Weight of mother after birth of litter, 125.1 gms. 


Dec. 19. March 30, 1914. March 30, 1914. 
Weight 122 gms. Animal kept until March 30, 1914, when it was Animal kept until March 30, when it was sacri- 
Animal anesthetized on this date for X-ray| sacrificed and autopsied. | fieed and autopsied. 
photograph, and died under the anesthetic, | 
thus preventing further comparison. Autopsy. | Autopsy. 
Weight 161.6 gms. 


|The animal was still remarkably small, consider- ‘Weight, 181 gms. 
ing the recent pregnancy. |External genitalia larger on palpation than those | External fenttente smaller on palpation than 
|v agina and uterus unusually small, though quite “of Rat B. those of Rat ¢ 
| vascular, probably from pregnancy. Weight of right testis, 1.95 gms. Weight of right testis, 1.620 gue 
Ovaries quite large, and contain corpora hemor- Weight of left testis, 2.050 gms. |Weight of left testis, 1.500 gm 
rhagica and lutea. Weight of seminal Vesicles, prostate and vas,|Weight of seminal vesicles, prostate and vas, 
1.5 gms. 0.760 gu 
Very little fat in general. Very little, fat in general. 


There was an early increase in the weight of the ovarian-fed 
male over the weight of the male receiving anterior lobe, 
although at the end of the experiment the reverse result was 
very marked. Later on in the progress of the feeding, the 
external genitalia of the animal receiving anterior lobe were 
larger on gross inspection and palpation than those of the 
ovarian-fed animal. Furthermore, at autopsy there was found 
to be a very definite difference in the weight, both absolutely 
and in relation to body-weight, and weight of the testes, 
seminal vesicles, prostatic glands and vas deferens, in favor 
of the animal receiving anterior lobe (cf. under March 30). 
The total weight of the entire genital system in Rat C (an- 


this experiment go, they suggest that the feeding of pituitary 
anterior lobe to parent rats exerts an influence upon the off- 
spring in intra-uterine life and during lactation, and that, 
when carried further in the life of the animal, it has a markedly 
stimulating effect upon growth, weight and development, and 
causes an earlier breeding and an increased number of off- 
spring. The results are sufficiently suggestive to encourage 
further experiments along this line. Whether one could event- 
ually produce a strain of larger rats with a more active sexual 
life, and, on the other hand, whether the result would be an 
overstimulation and eventual deterioration of the strain, re- 
main interesting questions deserving further study. 


' 
| 
| 
; 
i 
{ 


46 JOHNS HOPKINS HOSPITAL BULLETIN. 


terior-lobe feeding) is 5.50 gms. as compared with 3.88 gms., 
the weight in Rat B (ovarian feeding). Calculating upon a 
basis proportionate to body-weight we find that the weight of 
the genital system of the rat receiving anterior lobe is 3.038 
gms. per 100 gms. of body-weight, as compared with 2.40 gms. 
per 100 gms. of body-weight in the ovarian-fed male. Here we 
again have a definite example of the continued stimulating 
action of prolonged anterior-lobe administration upon the 
development of the genital system. 

In Table X a comparison is made of the histological appear- 


ances of the sex glands of these two males. 


TABLE X.—SHOWING THE COMPARATIVE HISTOLOGICAL 
APPEARANCE OF THE TESTIS IN RAT C AND RAT B. 


(Continued from Table IX.) 


Rat C (male). Anterior-lobe feeding Rat B (male). Ovarian feeding (be- 
(begun when the animal was 31 gun when the animal was 31 days 
days old and continued for ap- old and continued for approx- 
proximately 6 months). imately 6 months). 


Right Testis: Spermatogenesis very Right Testis: Spermatogenesis much 
active. Large numbers of sper- less active. There are fewer free 
matozoa are seen in the tubules, cells and a strikingly smaller 
which contain a considerable number of spermatozoa in the 
amount of secretion and many tubules, which are lined with 


spermatogenic cells in fewer num 


free cells. 
bers and in less compact arrange 


ment. 

Interstitial cells are present in mod- Interstitial cells are less numerous 
erate numbers. and smaller. 

Epididymis: The tubules are rather Kpididymis: Tubules smaller and 
large, moderately distended with less distended with a secretion 
secretion containing laryve num- that contains relatively few sper- 
bers of spermatozoa. They are matozoa. The lining cells are of a 
lined with a low columnar epi- low columnar type and have a 
thelium composed of cells having scant, imperfect, ciliated border. 
a kind of ciliated border. 

Prostatic Gland and Seminal Vesicle: Prostatic Gland and Seminal Vesicle: 
More proliferation of the epithe- More simple and regular in the 


structure of the acini and tubules. 


lium evident in the indentations i 
There is less infolding and branch 


and infolding of the lining cells. 
More secretion in the lumina. ing of the epithelial lining. Less 
Spermatozoa are present in con- secretion in the tubules. Sper- 
siderable numbers in the seminal matozoa are present in large num- 
vesicle. bers in the seminal vesicle. 

Vas Deferens: The lining cells have Vas Deferens: The lining cells are 
a denser protoplasm and are more * more vacuolated and less abun- 
abundantly supplied with cilia. dantly ciliated. 

Muscle coat somewhat heavier. 


The results as given in Table X show that the prolonged 
administration of pituitary anterior-lobe extract, at first to the 
parents and then to their young, had a markedly stimulating 
effect upon the sex glands of Rat C, as compared with Rat B, 
in whose case ovarian extract was given over a period of 
6 months instead of the anterior-lobe powder. Both animals 
were adult ; nevertheless Rat C (anterior-lobe feeding) showed 
a sexual development considerably in excess of that of Rat B 
(ovarian feeding). Thus we find that spermatogenesis is much 
more active; the interstitial cells are more numerous; the 
tubules of the epididymis are larger and are filled with a secre- 
tion that contains many more spermatozoa ; the prostatic gland 
is more hyperplastic in appearance; and the vas deferens is 
heavier, and its lining cells are more protoplasmic and ciliated. 
These, in short, are definite evidences of increased sexual de- 
velopment apparent even in adult life as a result of prolonged 
administration of anterior-lobe extract, as compared with the 
effect of ovarian extract. The appearance of the sex glands 
after ovarian administration is indicative, furthermore, of a 
probable inhibitive effect of the extract upon the development 


of the male sex glands. 
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Tue Errecr or ProLoNGep Ovarian (Corpus Lutevm ) 
FEEDING ON THE MALE Rat. 


At the same time that observations were being made on the 
effect of anterior-lobe (pituitary) extract, similar experiments 
were being conducted to test the effect of ovarian (corpus 
luteum) feeding upon another rat of the same litter. The 
latter were carried out in order to observe the results of feeding 
another glandular nucleo-proteid substance per se, without 
regard to any specific action upon general bodily development 
or upon genital development, and incidentally to determine 
whether any retarding or inhibiting influence was exerted 
upon the development in general or sexually. The latter effect, 
if obtained, would seem to indicate that the ovarian extract 
exerts a counteracting or neutralizing influence upon the need 
for the secretion of the testis, and thus interferes with its 
development. 

‘Two male rats were used in this observation, as any slight 
histological differences in the testes would be readily recog- 
nized. The condensed tabulated protocols in the following 
table show the effect of ovarian feeding on Male II of Litter | 
as compared with Male III of the same litter, which was used 
as the control without glandular administration. (The admin- 
istration at the same time of anterior-lobe extract to the male 
of Pair I, Litter 1 (Tables VII and VIII), in another observa- 
tion, makes it possible to compare the effects of anterior-lobe 
and ovarian feeding.) 

Ovarian feeding was begun to Male II on March 8, 1913, 
when the animal was 5 weeks (accurately, 36 days) old, and was 
continued for 42 days, or until April 19 (ef. Table XI), when 
the right testis was removed surgically without sacrificing the 


animal. The right testis of the control had been similarly ° 


removed on April 19. - Both glands were at once weighed and 
fixed in formalin and later sectioned for histological com- 
parison. The feeding of ovarian extract was then continued 
to Male IT until August 30, making a total period of feeding 
of 5 months and 3 weeks. On this date both animals were 
sacrificed and the remaining left testis was removed from each, 
preserved and studied comparatively. Thus we were able to 
make two comparative observations on the testes, one early in 
the period of feeding and the other at the age of 7 months. 
The dosage of the ovarian extract, by weight, was the same as 
the dosage of anterior-lobe extract to the male of Pair |, 
namely, 0.1 gm. daily for 2 weeks and then 0.05 gm. until the 
end of the experiment. 

In comparing the summarized protocols, it is seen that the 
prolonged feeding of corpus-luteum extract over a period of 
6 months had the following effect: 

Whereas, at the beginning of the observation, the control 
animal was considerably the heavier (5.5 gms.), nevertheless 
the ovarian-fed male soon overtook the control in weight (cf. 
under April 13) and at the end of the experiment weighed 
15.6 gms. more than the control (cf. August 10), owing ip 
large part, undoubtedly, to an early and greater deposit of fat 
subcutaneously and retroperitoneally. This is in keeping with 
results obtained previously (Tables IT and IX). 
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In spite of the greater body-weight of the ovarian-fed maie, 
the testis is smaller in gross and the weight of the gland is less, 
not only absolutely but in proportion to the body-weight. 
Thus, on April 20 the weight of the right testis of the ovarian- 
fed male, per 100 gms. of body-weight, was 0.945 gm., as com- 
pared with 1.14 gms., the weight of the right testis of the 


TABLE XI—PROTOCOLS OF TWO MALE RATS OF LITTER 
|, ONE OF WHICH (MALE II) RECEIVED OVARIAN 
(CORPUS LUTEUM) EXTRACT OVER A PERIOD OF FIVE 
MONTHS AND THREE WEEKS, THE OTHER, (MALE III) 
BEING USED AS THE CONTROL. 

LITTER I. 


Male II. 
Ovarian (corpus luteum) feeding) y, 


Date ® waake 
for 5 months and 3 weeks. Age at autopsy, 7 months. 


Age at autopsy, 7 months. 


Mar 7. Weight, 28.5 gms. Weight, 34.0 gms. 
Mar. 18 Weight, 56.5 gms. Weight, 57.5 gms. 
to Rat gaining rapidly in weight. Growing rapidly. No apparent 
Mar. 23 Testes and scrotum quite large. difference in external genitalia 
from those of Male II. 


Mar. 30. A large rat. External genitalia Testes and scrotum larger than 
in relation to body size not those of the ovarian-fed rat 
very large. (Male IT). 


Apr. 13. Weight, 103.1 gms. Weight, 100.5 gms. 

Has overtaken the control in Genitalia slightly larger than 
weight. External genitalia those of ovarian-fed male. Fur 
have not developed in propor-| somewhat coarser. 
tion to the general growth of 
the body. 


Apr. 20. Weight, 104.8 gms. Weight, 99.3 gms. 

Right testis removed (Apr. 19) Right testis removed (April 18) 
and placed in formalin, for and placed in formalin for sub- 
comparison, at this early sequent histological compari- 
stage, with the testis of the son. 
control male. 

Weight of right testis, 0.990 gm.| Weight of right testis, 1.140 gms. 
Appears smaller and feels less Larger and feels firmer than 
firm than the testis of control that of Male II (ovarian-fed). 


male. On cross-section the tubular 
Tunica albuginea is slightly more, structure of the testis appears 
vascular. coarser. 


Fur is less coarse. 


May 17 Weight, 177.1 gms. Weight, 146.3 ems. 

to A larger, more vigorous rat than|Animal smaller, less fat-looking 
May 25. control. Has considerably than Male II. The testes of 
overtaken the control animal both the control and Male II 
in weight, apparently owing to (ovarian-fed) are smaller than 
a greater deposition of fat. those of the anterior-lobe-fed 
male of Vair of the same 

litter (cf. Table VII). 


June 1:Weight, 230.9 gms. Weight, 198.0 gms. 
to Animal has been gaining rapidly Gaining in weight less rapidly 
July 27.| in weight. Testis smaller than the ovarian-fed male. 
than that of control. 


Autopsy. Autopsy. 
Aug. 10. Weight, 229.3 gms. Wetaht. 203.7 gms. 
More subcutaneous and retro-|Less fat generally than Male ITI. 
peritoneal fat than in control. 
Weight of left testis, 1.930 gms.| Weight of left testis, 2.30 gms. 
Smaller on gross inspection Larger on gross inspection and 
and by weight, although in by weight than testis of Male 


general this animal is con- II, though this animal is con- 
siderably heavier than the con- - ‘rably smaller than Male 
trol. I, receiving ovarian extract. 


Weight of left testis after fixa- W eight of left testis after fixa- 
tion and clearing in oil, 1.460 tion and clearing in oil, 1.790 
gms. gms. 

Weight of seminal vesicles, pros- Weight of seminal vesicles, pros- 
tatie gland and bladder, 1.770 tatic gland and bladder, 1.830 
gms. (after fixation and clear gms. (after fixation and clear- 
ing). ing). 


control; and on August 10 the weight of the left testis of the 
ovarian-fed animal was 0.610 gm. as compared with 0.878 gm., 
the weight of the left testis of the control. Although the com- 
bined weight of the seminal: vesicles, prostatic gland and 
bladder is only slightly greater in the control animal ( Fig. 13), 
nevertheless, when considered in relation to the body-weight, 
the difference per 100 gms. of body-weight is far more striking. 
There seems to have been a definitely adipose condition of the 
whole body of the male produced by the feeding of corpus- 
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luteum extract. This corresponds with results previously 
recorded (Tables II and IX). The condition may be com- 
pared to a sort of eunuchoid state, and it is probable, further- 
more, that the internal as well as the external secretions of the 
testis have been inhibited, or that the demand for the pro- 
duction of these secretions by the testis has been neutralized by 
the feeding of the ovarian extract. This would explain the 
greater body-weight and the diminished size and development 
of the sex glands. 

It is interesting also to note that the growth of the external 
genitalia both of the ovarian-fed animal and of the control 
was less rapid than in the male of Pair I of the same litter, 
which received anterior-lobe extract in connection with another 
experiment (cf. Table VIT). 

The gross testicular structure is coarser, and the tubules, 
even to the naked eye, are larger in the control than in the 
ovarian-fed animal. The fur of the ovarian-fed animal is 
softer and more delicate. 

It is apparent, then, from the above facts, that the feeding of 
corpus-luteum extract to the male rat produces an increased 
body-weight, due to the general deposition of fat, and that it 
has a definitely retarding influence upon the growth and de- 
velopment of the genital system. This is especially evident 


of 


~ 


when we compare the results obtained from the feeding 
anterior-lobe (pituitary) extract under the same conditions. 

The succeeding two tables give the histological findings in 
the testis, epididymis, seminal vesicles and prostatic glands 
of the ovarian-fed male and the control. In the first of these 
tables (Table XIT) the right testes of the two animals, which 
were removed surgically after 42 days of ovarian feeding to 
Male II, are compared. In Table XIII the findings in the 
remaining left testis of each rat at autopsy at the age of 
? months are given. Thus, we have, then, the results obtained 
by feeding corpus-luteum extract over a short period of 42 
days and after a long period of 5 months and 3 weeks. 


TABLE XII.—COMPARATIVE HISTOLOGICAL FINDINGS IN 
THE RIGHT TESTIS OF MALE II, LITTER I, (OVARIAN 
FEEDING FOR FORTY-TWO DAYS) AND IN THE RIGHT 
TESTIS OF MALE III, LITTER I (CONTROL, RECEIVING 
NO GLANDULAR EXTRACT). 

LITTER I. 


Male II. 
Male III. Control. 
Ovarian feeding for 42 days, begun; wy 
when animal was 5 weeks old.| o 
Right testis removed at the age pane 8 
of 2% months. 


Weight of right testis, 0.990 gm. Weight of right testis, 1.140 gms. 


Spermatogenesis fairly well ad- Spermatogenesis definitely farther 
vanced. Active karyokinesis. advanced, practically complete. 
Tubules in large part contain All tubules contain spermatozoa 
spermatids and spermatozoa, but and show active karyokinesis. 


in smaller number than in control. 
Many tubules show almost no 
karyokinesis and only one or two 
cell rows; some of these tubules 
have an atrophic appearance. 
Lumina less full and contain 
fewer spermatozoa. 


Interstitial cells few ; here and there 


a fairly large group. 


Epididymis smaller than in control. 


Fewer spermatozoa and free nucle- 
ated cells than in control, though 
they are present in fair numbers. 
Lining cells not as tall; proto- 
plasm less abundant; cilia hardly 
perceptible. Some vacuolation of 
the protoplasm about the nucleus 
(fat ?). 


Epididymis larger. 


Lumina of the tubules mostly 
contain a considerable amount 
of em, spermatozoa and 
free cells. 


lnterstitial cells more numerous, 


clearer and sharper than in Male 
I 


Spermatozoa 


much more numerous. Also many 
free nucleated cells, probably sper- 
matids, in the tubules. Cells 
fairly tall, more ciliated and 
richer in protoplasm. No vacuola- 
tion of the protoplasm about the 
nucleus. 
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TABLE XIII.—COMPARATIVE HISTOLOGICAL FINDINGS IN 
THE REMAINING LEFT TESTIS OF MALE II, LITTER I, 
(OVARIAN FEEDING FOR FIVE MONTHS AND THREE 
WEEKS) AND IN THE LEFT TESTIS OF MALE III, 
LITTER I (CONTROL, WITHOUT GLANDULAR ADMIN- 
ISTRATION). 

LITTER I. 
Male II. 
Ovarian (corpus luteum) feeding for 


5 months and 3 weeks, beginning 
when animal was 5 weeks old. 


> Male III. Control. 
No glandular administration. 


Left testis at autopsy at the age 
of 7 months. of 7 months. 

Weight of left testis, 1.930 gms. Weight of left testis, 2.30 gms. 

Spermatogenesis moderately active. Spermatogenesis very active. All the 
The tubules contain relatively few tubules contain a great many sper- 
spermatozoa. The spermatogenic matozoa and intermediate cells. 
cells are less closely packed and in The tubules are lined with many 
many places are arranged in fewer rows of cells in compact arrange 
cell rows. The lumina of the | ment, and most of them are filled 
tubules on the whole are not filled | with spermatozoa, free cells and 
with free cells and secretion. secretion. 

interstitial cells are few in number Interstitial cells are definitely more 
and with a scant amount of proto- | numerous and larger and occur in 
plasm, which gives them an | larger groups than in Male II. 
atrophic appearance. 

Epididymis: Lumina of the tubules | ELpididymis: The tubules are very 
are large, and in many instances nearly of the same size as in Male 


Left testis at autopsy at the age 


contain little or no secretion, The II, but are filled and distended 
lining cells are of the low with secretion containing enor- 
columnar type and’ without a mous numbers of spermatozoa. 
ciliated border. In some tubules There are no tubules’ without 
spermatozoa are present in mod- great numbers of spermatozoa. 


The cells lining the tubules are 
larger than in Male II, and non- 
ciliated. Very few free cells are 
seen in the tubules. 

Seminal Vesicle: Made up of large Seminal vesicle consists of large 


erate numbers, in others they are 
absent altogether. There are very 
few free cells in the tubules. 


simple tubules, lined with low tubules with wide lumina, as a 
columnar epithelium. There is result of being filled with secre- 
very little secretion in the tubules, | tion. The lining epithelium is, in 


consequence, thinner and lower. 
There is more infolding and 
irregularity of the walls, indicat- 
ing proliferation of the lining 


in which no spermatozoa are seen. 


cells. 

Prostate Gland; Simple acini with | Prostate gland shows evidences of 
a small amount of secretion and | proliferation ; also lymphoid cell 
no spermatozoa, | accumulation. No spermatozoa 

seen. 


From the two foregoing tables it is seen that the feeding of 
corpus-luteum extract over a brief period of 42 days and over 
a longer period of 5 months and 3 weeks had the following 
effect upon the male sexual system: 

The gross size and weight of the testis, both absolutely and 
in proportion to the body development, is less than in the con- 
trol. Spermatogenesis is not so active, and as a consequence 
spermatozoa are less numerous. The interstitial cells of the 
testis are fewer in number and have a scantier protoplasm and 
a more atrophic appearance. The epididymis is smaller, it 
looks less active and contains less secretion and fewer sperma- 
tozoa and free cells in the lumina of the tubules. The cells 
lining the latter are of a lower columnar type and are not as 
abundantly supplied with ciliated borders. Moreover, at 
autopsy the seminal vesicles and prostatic gland of the ovarian- 
fed male appear smaller, less active and contain less secretion 
than those of the control (Fig. 13). 

From these facts we see that the retarding influence of 
ovarian extract upon the male sexual development is exerted 
throughout the life of the animal, and not only upon the testes 
but also upon the entire genital system. 


Discussion oF RESULTS. 

It is the anterior-lobe element in the secretion of the pitui- 
tary gland that is to be looked upon as supplying the principle 
responsible for the stimulating and activating influence upon 
sexual development and function. This explains why, in the 


disease acromegaly—now generally believed to be due to an 
over-function of the anterior lobe of the pituitary gland con- 
sequent upon adenomatous hyperplasia—we find in the early 
stage an exaggerated sexual activity and libido, and in the late 
stage, that corresponds with pituitary involution and inactivity, 
a disappearance of the sexual function. The sex glands in this 
late stage show, histologically, atrophy and various forms of 
degenerations. Additional light is thrown on those experi- 
mental and clinical conditions of underdevelopment and 
genital inactivity and hypoplasia occurring in conditions of 
experimental removal of the anterior lobe of the pituitary, and 
in clinical conditions of under-function consequent upon dis- 
ease of the pituitary itself, or of its neighborhood, compro- 
mising the function of the gland. 

The belief, furthermore, that a deficiency of posterior-lobe 
(and pars-intermedia) secretion is responsible for the genital 
hypoplasia seen in many clinical and experimental disorders of 
pituitary function, as suggested by Biedl,” seems untenable, in 
view of the results obtained by the feeding of posterior-lobe 
extract to rats. The latter extract certainly does not stimu- 
late, but would seem even to retard, sexual development ; con- 
sequently its loss should not be associated with genital hypo- 
plasia. By “ posterior-lobe ” extract, as used in these experi- 
ments, we mean as well the extract of the pars intermedia, that 
anatomical division of the pituitary gland which closely invests 
the posterior or nervous lobe proper and which would naturally 
go with the latter when the gland is divided into its two main 
divisions of anterior and posterior lobes. Extracts made from 
the posterior lobe would thus ordinarily contain pars inter- 
media substance. Furthermore, it seems to have been shown 
beyond doubt that the secretion from the pars intermedia 
travels through the meshes of the posterior lobe and therefore 
would be contained in the latter. (Herring,” Cushing and 
Goetsch,” Cow.”) 

It seems probable that in conditions interfering with the 
normal function of the pituitary gland, both the anterior and 
posterior lobes are involved, and that we therefore see in the 
corresponding clinical states symptoms due to disturbances in 
both lobes. We know that a deficiency in posterior-lobe secre- 
tion is followed by a tendency to the deposition of fat and to 
changes in metabolism such as an increased tolerance for 
carbohydrates,” and that these changes can be favorably influ- 
enced by the administration of posterior-lobe extract. The 
genital disturbances which are associated with these changes 
in clinical states should therefore be benefited by the adminis- 
tration of anterior-lobe extract. The carbohydrate tolerance, 


* Biedl, A.: Innere Sekretion, 1913, 2te Aufi., Theil II, 187. 

* Herring, P. T.: The histological appearances of the mammalian 
pituitary body. Quart. Journ. Exper. Physiol., 1908, I, 121-159. 

* Cushing, H., and Goetsch, E.: Concerning the secretion of the 
infundibular lobe of the pituitary body and its presence in the 
cerebro-spinal fluid. Am. Journ. Physiol., 1910, X XVII, 60-86. 

* Cow, D.: On pituitary secretion. The Journ. of Physiol., 1915, 
XLIX, No. 5, 375-376. 

“Goetsch, E., Cushing, H., and Jacobson, C.: Carbohydrate 
tolerance and the posterior lobe of the hypophysis cerebri. Bull. 
Johns Hopkins Hosp., 1911, XXII, 165-190. 
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which, as was stated in the paper just quoted, could be used as 
an index to posterior-lobe deficiency, might also serve a similar 
purpose in determining the degree of anterior-lobe deficiency, 
and thus be a guide to the dosage to be used in our gland 
therapy. From this it becomes evident that the best results 
should be obtained by giving pituitary whole-gland extract in 
these clinical cases of under-function of the hypophysis. 

As a result of the facts learned from the feeding of pituitary 
extract to rats, we should feel encouraged in our efforts to 
benefit states of ductless-gland under-function, particularly 
of the hypophysis, by the oral er possibly the hypodermic 
administration of gland extracts. Considerable success has 
already been obtained from such therapy. Thus, for example, 
a number of cases of pituitary disease, showing, among other 
symptoms, the characteristic sexual disturbances (amenorrhaa, 
and loss of libido and potentia serualis), have been recorded 
by Cushing,” in which, after administration of pituitary ex- 
tracts by mouth, there has been a return in part or entirely of 
menstruation and of libido and potentia serualis. In the same 
place, supplementary feeding after surgical procedures on the 
pituitary gland is recommended. Since many of the clinical 
conditions showing genital aplasia, adiposity and under- 
development combine symptoms referable to certain of the 
ductless glands other than the pituitary, the extract of the 
latter should be given to help bring about normal sexual de- 
velopment and activity, and with it might be given extracts of 
other ductless glands which would seem certainly to be involved. 

And lastly, it seems likely that when we have learned the 
effect of administration of the different glandular extracts, 
such as the inhibiting effect of ovarian feeding upon the male 
sexual development, we could treat conditions of over-activity 
of one of the ductless glands with extracts of another of the 
endocrine series possessing an opposing or inhibiting action. 


CoNCLUSIONS. 


I. The dried powdered pituitary extract derived from both 
the anterior and posterior lobes of the gland, when fed to 
young rats in excessive doses (0.1 gm. daily), causes failure to 
gain in weight, loss of appetite, increased peristalsis, a mild 
enteritis, and certain nervous manifestations, such as muscular 
tremors and weakness of the hind limbs. The latter symptoms 
are undoubtedly due to the posterior-lobe element in the whole- 
gland extract, for they are similarly produced by using 
posterior-lobe, but not by using anterior-lobe extract. Even 
when whole gland is fed over a short period of time, from 25 to 
40 days, it causes a more rapid growth and development and 
gain in weight, larger nipples in the female, and a coarser, 
drier, harsher growth of hair than are seen in either control 
animals or after similar administration of ovarian (corpus 
luteum) extract in equivalent dosage. 

The Influence Upon the Female Sex Glands.—In compari- 
son with the development in control animals, the ovaries, tubes, 
and cornua of the uterus of animals fed with whole-gland 


“Cushing, H.: The pituitary body and its disorders, Philadel- 
phia, 1912, p. 318. 
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extract are larger, more vascular and cedematous in appear- 
ance, indicating increased development and activity. Even at 
the early age of 2% months, from one to two months before 
normal sexual maturity, the ovary is matured, and shows active 
ovulation and Graafian-follicle formation, relatively few pri- 
mordial follicles and some increase in the amount of inter- 
stitial tissue. This rather striking appearance in so young an 
animal gives one the impression that an early ovarian maturity 
has been produced by the feeding of the pituitary extract. The 
fimbriated end of the tube is more branched and the lining 
columnar cells are more ciliated, an indication of greater 
activity. There is marked hyperplasia of the uterine mucosa, 
the lining cells of which are more uniformly ciliated and 
active, and there is abundant gland formation in the endo- 
metrium. The appearance presented by the latter strikingly 
resembles in microscopic appearance the hyperplastic endo- 
metrium of early pregnancy. There is a generally increased 
vascularity produced in the whole sexual system. The over- 
development is apparent even in the muscle coat of the uterus, 
which is considerably thickened and is also more vascular. A 
somewhat similar change is produced by the feeding of corpus 
luteum to the female (see below, IV). 

The Influence Upon the Male Sex Glands.—The testes show 
a considerably earlier growth and development; they are com- 
pletely and permanently descended at an earlier age, and their 
gross weight is greater than in the control animal. This is 
evidenced by the extremely active spermatogenesis, with forma- 
tion of spermatozoa, and by a moderate increase in the amount 
of interstitial tissue, at a time when the control animal is 
sexually still very immature. All these developmental, 
structural and functional changes in the sex glands of both the 
male and the female, produced by the feeding of pituitary 
extract, show an extremely selective and almost specific action 
of the latter upon the genital system. 

Il. The feeding of pituitary anterior-lobe extract causes 
increased weight and greater and more vigorous body-growth 
and development over the control. There is similarly an 
earlier and more active genital development. The fur is 
harsher and thicker. Loss of weight, enteritis, and nervous 
manifestations are not observed as in the beginning of whole- 
gland feeding (see above, I). As compared with the control, 
the animal fed with anterior lobe for only 40 days shows an 
earlier descent of the testes, which are also larger, more 
vascular and heavier, not only absolutely, but in proportion to 
the body-weight. The testis is mature at least as early as 
24 months, after 40 days of anterior-lobe feeding. The period 
of complete sexual development is shortened by at least one 
month, or about one-third of its normal time. Histologically, 
the testis at this age is mature; it shows an abnormally early 
and active karyokinesis, more active in fact than is seen in the 
testis of a normal rat at the age of from 3 to 4 months. The 
testis of the control at this same age is quite immature. The 
interstitial cells do not seem to increase in number propor- 
tionately to the increase in spermatogenic cells and sperma- 
tozoa. The epididymis contains more spermatozoa and has a 
more active-looking structure. The prostatic gland, seminal] 


| 
| 
| 
| 
| 
| 
| 
| 


vesicles, and vas deferens show a correspondingly early and 
increased development and activity. These changes produced 
by the feeding of anterior lobe indicate that the latter supplies 
the active principle in the whole gland responsible for the 
changes reported above, following the feeding of whole-gland 
extract. 

After prolonged feeding of anterior-lobe extract, over a 
period of 8 or 9 months, the sexual instincts are early awakened, 
along with the early maturity of the sex glands. As a result 
of this, a pair of rats, after anterior-lobe feeding over a number 
of months, bred earlier and oftener, the female of this pair 
having two pregnancies in 7 months, as compared with none 
in the female of the control pair. The effect of anterior-lobe 
feeding lasts throughout the adult life of the animal. The 
control rat never reaches the degree of development and 
activity shown by the animal receiving the anterior-lobe ex- 
tract. For even at the age of 10 months, after 8} months of 
anterior-lobe feeding, the latter still shows a greater, more 
active and mature sexual development than the control. 

The feeding of pituitary anterior lobe to parent rats exerts 
its stimulating influence upon the offspring in intra-uterine 
life and during lactation, and, when the experiment is carried 
further, and the feeding to the young is continued after wean- 
ing, it has an even greater stimulating effect upon growth, 
weight and development, and causes earlier and more frequent 
breeding, and an increased number of offspring in the litters. 
The stimulating effect upon the sex glands is greater, the 
longer the influence of anterior-lobe administration is exerted. 

Ill. The extract of pituitary posterior lobe, even after pro- 
longed administration, does not stimulate growth in general, 
nor the development of the sex glands, as does anterior lobe 
even after a very short period. Thus, for example, there is 
a much less marked development of the sex glands after 


administration of posterior lobe for 74 months than after. 


anterior-lobe administration for 2} months. The posterior- 
lobe element in the whole-gland extract has an undoubted 
retarding influence upon the development of the sex glands, 
an effect very similar to that of ovarian extract upon the testes. 
This is shown by the relatively incomplete development of the 
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testes, for example, after 8} months of posterior-lobe feeding. 
If given in too large a dose, the extract causes in the rats loss 
of weight, a mild enteritis and increased intestinal peristalsis, 

LV. Ovarian extract (corpus luteum), when fed to the male, 
especially, causes a tendency toward the deposition of fat, not 
only in the body generally, but in the testes and other glands 
as well, with a resultant marked increase in weight. The fur 
is heavier and coarser than in the animal fed with the posterior- 
lobe extract. It does not cause an early descent of the testes, 
The latter are slightly heavier than those of the posterior-lobe- 
fed animal. This may be due, however, to an inhibiting effect 
exerted by the posterior-lobe extract rather than to any stimu- 
lating effect of the ovarian extract. The tendency to retarda- 
tion of testicular development is possibly more definite after 
ovarian feeding than after posterior-lobe feeding. Corpus 
luteum, when fed to the female rat, is equally as stimulating as 
whole pituitary gland (active because of the anterior-lobe 
element which it contains), but not so stimulating as the 
equivalent weights of anterior lobe. 

Following ovarian feeding there is, as compared with con- 
ditions in the control, increased development and activity of 
the female sex glands, increased follicle formation, a moderate 
increase in interstitial tissue and increased branching of the 
fimbriated extremity of the tube. Prolonged ovarian feeding, 
e. g., for 5 to 6 months, to the male rat, as compared with the 
control, has the following effect: The gross size and weight of 
the testes, both absolutely and in proportion to the body de- 
velopment, is less, and histologically the sex glands of the male 
show a retarded development and evidences of diminished 
activity. The definitely retarding influence of ovarian extract 
upon the male sexual development is exerted throughout the 
life of the animal. 

Briefly then, we can say that pituitary extract (anterior 
lobe), when fed to young rats, has a stimulating effect upon 
the growth of the animal and upon its sexual development and 
activity. Posterior-lobe extract, when thus given, has a 
retarding influence. Ovarian extract (corpus luteum) has a 
stimulating influence upon the female, and a retarding influ- 
ence upon the male, sexual development. 


A CASE OF PSEUDO-HERMAPHRODISM, WITH REMARKS ON AB- 
NORMAL FUNCTION OF THE ENDOCRINE GLANDS.’ 


By Wo. C. Quinsy, M.D. 


(From the James B. Brady Urological Institute, Johns Hopkins Hospital.) 


Robert S. was admitted to the Brady Clinic of The Johns 
Hopkins Hospital on June 8, 1915, for hypospadias and un- 
descended testicles. He was 10 years old in July, 1915. 

The family history relates that one brother died at birth, 
and one at 7 months of age. One younger sister is living and 
is normal. Both parents are well; they are first cousins. The 


*I take pleasure in extending my thanks to Dr. Hugh H. Young 
for permission to operate on this patient and to report the case. 


father has a slight hypospadias with the meatus about half an 
inch below the apex of the glans. 

Until two years of age the patient suffered from “ maras- 
mus,” but otherwise has been entirely well and strong, and has 
had none of the exanthemata. His mentality is considered 
good, and he is now in the third grade, although attendance at 
school began only two years ago. His habits and activities 
are those of a normal boy; he spurns girlish pursuits, and 
much prefers such games as foot-ball. The pubic and axillary 
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hair has been present’ for four years. The voice has always 
heen “ coarse” and the hands and feet “ stubby.” Since birth 
the urethra has opened at the base of the penis and the testes 
have not descended. There is an entire absence of any history 
of abdominal pain or crises suggestive of retained menses, and 
there has never been any bleeding from the penis. Libido has 
not appea red as yet. 

Physical examination finds the general bodily condition and 
color excellent. The musculature is well developed. The head 
is rather large, with prominent frontal regions, and the 
shoulders, though broad, are markedly stooping. The forehead 
is of moderate height; the face is broad; the lips are thick; 
the nose is flat. The hair, dark brown in color, is rather coarse 
and is lacking over each lateral frontal region. The eyebrows 
are more sparse in their outer portions than toward the root of 
the nose. The eyes, ears, and mouth are normal. The ears 
show no stigmata and the upper central incisors are no broader 
than the other incisor teeth. The palate is moderately high. 
There is a considerable amount of fine hair on the upper lip; 
the axillary and pubic hair is abundant, the latter showing the 
female type of distribution. The hands are broad and short, 
the finger-nails have been bitten. The skin over the body is 
somewhat harsh. There are no abnormal deposits of fat. . On 
examination, the heart, lungs, and abdomen are entirely 
normal. The breasts are undeveloped and of the male type. 
Very careful palpation shows no sign of any abnormal abdo- 
minal mass. There is no unnatural pigmentation of the skin. 
The growth of hair below the knee on each leg is in marked 
excess. 

On examination of the genitalia, the phallus is found to be 
represented by an organ 5 cm. long, curved markedly toward 
its ventral surface. There is a well-developed prepuce drawn 
into folds on the dorsum, but not uniting completely in the 
mid-line on the ventral side. This covers the glans, which is 
well developed except for the meatus, which is replaced by a 
ventral groove. At the base of this structure, between it and 
the slightly prominent mons, the skin rises in a fold, and 
encircling the phallus, extends downward on either side to 
form the bifid scrotum or labia majora. No testes or spermatic 
cords are to be felt anywhere. When the glans is drawn up- 
ward, the opening of the urethra is seen at a point correspond- 
ing to the peno-scrotal junction. From this to the tip of the 
glans the middle line shows a longitudinal gutter covered by 
strie of mucosa. The perineum from meatus to anus is smooth 
and without trace of depression. There is nothing to suggest 
labia minora. An abundance of hair is present, and the skin 
of the perineal region and adjacent thighs is harsh and coarse. 

There is a definite lack of equilibrium on the part of the 
superficial vaso-motor system. The hands are cold, clammy, 
and often of dusky hue; the skin of the body shows mottling 
on cooling, and the patient blushes very readily. All the other 
reflexes are lively, but there is no cremasteric reflex. 

Rectal examination shows an apparent absence of the pros- 
tate, although in the region above this area there is felt a small 
mass which is about 2 cm. long and 1 cm. broad, not tender, 
and only slightly movable. : 
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Radiographs of the head, chest, abdomen, pelvis and hands 
are entirely normal. The urine is normal, and the ingestion 
of 150 grams of dextrose caused no glycosuria. The phenol- 
sulphonephthalein output was 60 per cent during the first 
hour. The Wassermann test was negative. 

Blood-pressure: Systolic, 115; diastolic, 90. 

Blood count: Red blood cells, 5,128,000; white blood cells, 
7,780. 

Differential count: 


75.5% 
100.0% 


Pharmacodynamic tests: Following the injection of five 
minims of adrenalin 1: 1000, the systolic blood-pressure rose 
from 115 to 135 in the following 15 minutes, again reaching 
normal in 25 minutes. There were a few extra systoles during 
this time, but no tremor, no change in the pupils, and no 
subjective signs. The pulse count reached 165, 10 minutes 
after the injection. The injection of seven minims showed 
nothing further. 

The eyegrounds and the perimetric fields were normal. 
Hearing was normal. 


Measurements : 


Girth of chest, om 70.0 cm. 
Height of palate to incisor teeth ..............2eeee0s 4.5 cm. 
Circumference of neck below thyroid cartilage........ 31.5 cm. 
Circumference of abdomen at umbilicus.............. 67.0 cm. 
Distance between anterior supericr spines............ 21.0 cm. 
Distamee between flac 22.5 cm. 
Distance between femoral tuberosities ............... 26.5 cm. 
Distance between top of symphysis and top of sacrum.. 17.0 cm. 
Distance between top of symphysis and umbilicus..... 13.0 cm. 
Distance between umbilicus and sternal notch........ 35.0 cm. 
Distance between acromion processes ...............+. 33.0 cm. 
Distance between anterior superior spine and bottom of 
Distance between anterior superior spine and bottom of 
Distance between anterior superior spine and internal 
Distance between anterior superior spine and internal 
Cireumference of kmee (left) S050 
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Distance between acromion and olecranon (left)...... 30.0 cm. 
Distance between acromion and olecranon (right).... 31.0 cm. 
Distance between olecranon and ulnar styloid (each).. 20.0 cm. 
Cireumferenes. of 21.0 cm. 
Circumference of biceps (right) ..........cccceccceves 22.5 cm. 
Circumference of forearm (left)................0ee05- 20.0 cm. 
Circumference of forearm (right)................... 21.0 cm. 
Circumference of wrist 14.0 cm. 
Cireumference of hand (left) .......ccccscsessecccess 18.0 em. 
Circumference of hand (right) 19.0 cm. 


It will be of interest to compare some of these measurements 
with the averages obtained by Porter in his examination of over 
34,000 school children.” We can thus roughly determine the 
age and sex which our patient most nearly approximates. 


Weight most nearly corresponds to Porter’s............ Boy of 13. 
Height standing most nearly corresponds to Porter’s...Girl of 13. 
Height sitting most nearly corresponds to Porter’s...... Boy of 15. 
Span of arms most nearly corresponds to Porter’s...... Boy of 13. 
Girth of chest most nearly corresponds to Porter'’s..... Boy of 14. 
Length cf head most nearly corresponds to Porter’s....Boy of 13. 
Width of head most nearly corresponds to Porter’s...... Boy of 16. 
Height of face most nearly corresponds to Porter’s...... Boy of 15. 
Width of face most nearly corresponds to Porter’s...... Boy of 13. 


Although this is a rough comparison, it is interesting in 
showing that most of the measurements fall nearest to those 
of boys of from three to six years older than our patient. 

An operation was performed on June 14, 1915, to better the 
hypospadie condition and to search for the supposed testicles 
and bring them down. No trace of the spermatic cord could 
be found in the inguinal canal. On entering the abdomen I 
discovered an infantile uterus with tubes and ovaries of normal 
appearance. An ovary, with an adjoining portion of its tube, 
was excised for histological examination. 


HisToLogicaL Report. 

The specimen consists of an ovary 2.5x1.3x 1.7 cm., to- 
gether with about 5 cm. of tube, bearing normal fimbrie. 
Running from one side of the ovary is a layer of very thin 
tissue, apparently a bit of the broad ligament, containing on 
one surface a small, very flabby mass in the position of the 
parovarium. The surface of the ovary is smooth, and on 
section it is seen to contain numerous areas varying in size, 
presumably follicles. The larger of these contain bloody fluid, 
the smaller watery fluid. 

Microscopic Examination.—Sections of the ovary show a 
typically normal structure. Graafian follicles contain ova in 
various stages of development. No corpora lutea are seen, 
although there is in one area a splendidly preserved corpus 
fibrosum. A careful search failed to show any abnormal 
elements. 

The Fallopian tube shows the usual papillary-like foldings 
of mucosa with normal epithelium. 

The parovarium shows numerous tubules, thin-walled, and 
having a single layer of epithelium. 


*W. T. Porter: The Growth of St. Louis Children. Trans. St. 
Louis Acad. Sci., 1895, VI, 263. 


Discussion. 


It is evident from the foregoing that we are dealing here 
with a case of atypical sexe-ensemble, more commonly, though 
less correctly, called pseudo-hermaphrodism. The sex of an 
individual must always be determined by the nature of the 
gonad, regardless of the presence of abnormalities either of 
other parts of the genital system or of the secondary sexual 
manifestations of the body as a whole. Consequently, this 
patient is of the female sex; and this in spite of so many 
secondary characteristics of the opposite, male, sex. 

In the sphere of the internal genitalia the development has 
followed a normal course; uterus, tubes, and ovaries are 
present, and are normal so far as examined. The external 
genitalia, however, show many deviations from the normal 
female type. The urethra opens in its usual position, but the 
clitoris is much overdeveloped, closely resembling a penis of 
the hypospadie sort, and there is no external trace of vagina. 
It is to be presumed, on morphological grounds, that a rudi- 
mentary vagina exists, but attempts to examine the posterior 
urethra with an endoscope were without conclusive result 
because of the small size of the structures. 

The patient, therefore, belongs to the class of female pseudo- 
hermaphrodites of the external type. But though the external 
genitalia are atypical, it is in the domain of the secondary sex 
characteristics that the most marked deviations are found. 
The voice, the hair on the face, the general bodily habitus, and 
the mental processes are all of the heterologous male type. 
Indeed, on adding the precocious hair development to the 
above appearances, this individual seems to possess a degree of 
maleness considerably greater than that usual in normal 
children at 10 years of age. The comparison with the normal 
averages of Porter given above bear out this impression. Only 
the distribution of the pubic hair, and the configuration of 
the thighs remain of the female type. In this respect the case 
is unusual, for though over two thousand case reports of 
pseudo-hermaphrodites are to be found in the literature,’ those 
bearing the male gonad are about ten times as common as those 
bearing the female: and in these latter only a few reports 
describe such complete presence of the heterologous secondary 
manifestations of sex. 

Relations between the Endocrine Glands and Sex Aberra- 
tions.—There has been of late years a rapidly increasing 
amount of evidence, both experimental and clinical, tending 
to show that the proper development of those attributes which 
constitute the sexe-ensemble is dependent on normal activity 
of the endocrine system. Though it is to be doubted that 
internal secretory processes play any réle in the primary 
determination of the sex of the gonad itself, it is certain that 
such processes are responsible for the normal progress of 
events from a very early age. The present teaching is well 
stated by Barker * when he says: “ We are simultaneously, in 


* Neugebauer: Hermaphroditismus beim Menschen. Leipzig, 
1908; also, Jahrb. f. sexuelle Zwischenstufen. Bd. V. 

‘Barker, L. F.: On abnormalities of the endocrine functions of 
the gonads of the male. Am. Jour. Med. Sci., 1915, CXLIX, 1. 
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PLATE XI. 


Fig. 1. 2. 


Figs. 1 and 2.—Front and side views of head. Note the shape of the calvarium:; the flat nose 
and thick lips; the hair distribution in eyebrows and on upper lip. 


% 


Note Fig. 4.—Front view of trunk. Noté 
the typical male breast and shoulders. 


Fig. 3.—Front view of body. 
the male shoulders; the broad, short 
hands; the pubic hair with horizon- 
tal upper edge; the rather feminine 
rotundity of thigh, and the hyper- 
trichosis of legs. 
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Fic. 5.—Lateral view, with 
the patient standing, to show 
the general poise and round 
shoulders. 


Fic. 7.—The external genitalia. Note the phal- 
lus with prepuce, and labia majora simulating a 
bifid scrotum; also the extensive growth of hair 
and the coarse skin. 


Fic. 6.—Right hand; to show the severely bit- 
ten finger nails and the configuration—the main 
en large of Marie. 


Fic. 8.—The external genitalia with the labia 
separated and the phallus raised. The median’ 
furrow of mucosa is seen, bearing the urethral 
opening, represented by a dark spot half-way be- 
tween the examining fingers and thumbs. Note the 
entire absence of vagina. 


PLATE Xil. 


“a 
* 
q 
q 
> 
4 
- 


THE JOHNS HOPKINS HOSPITAL BULLETIN, FEBRUARY, 1916. PLATE Xill. 


_ Fic. 9.—Low-power magnification of ovary, to show fol- Fig. 10.—Low-power magni- 
licles. fication of tube in cross-sec- 
tion. 


Fig. 12. 


Figs. 12 and 13.—Graafian follicles 
development. 


Fic. 11.—Low-power magnification of 
parovarium showing the characteristic 


epithelium-lined tubules. 


Fic. 14.—A corpus fibrosum showing healing after 
rupture of a follicle. 


Fig. 13. 
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a sense. the beneficiaries and the victims of the chemical 
correlations of our endocrine organs.” 

Space will not permit a detailed consideration of the prob- 
able physiological action of each of the hormone-producing 
organs. We must, however, consider at some length the rela- 
tion of the adrenal cortex to sex, for abundant and convincing 
evidence of its importance in this regard is at hand. 

It will be recalled that the adrenal cortex is developed from 
the Wolffian ridge—that is, from the same rudimentary tissue 
as is the sex-gland—whereas the medulla is of neuro-ectodermal 
origin, as are also the sympathetic ganglia. During intra- 
uterine life the gland is about equal in size to the kidney. 
This is due to an enlargement of the inner portion of the 
cortex—the so-called fetal cortex—which begins to degenerate 
at or soon after birth. The medullary portion of the gland 
produces adrenalin; the cortical area is considered to be the 
source of a hormone that influences growth, nutrition, and 
especially the reproductive organs.’ Clinical and pathological 
evidence demonstrates the remarkable effect that lesions of 
the adrenal cortex exert on the various factors constituting 
sex. Pathologically such lesions may consist of simple hyper- 
plasia, or there may be found hypernephromata. During preg- 
nancy in human beings,, and in some animals during heat, 
hyperplasia seems to be a normal process. Much light has been 
shed on this whoie subject by the admirable communication of 
Bulloch and Sequeira:* of Fibiger;* of Apert;* of Launois, 
Pinard, and Gallais ; * and of Glynn ; “ and most recently by the 
exhaustive review of the literature in the article of Hofstitter.” 

The clinical manifestations of disturbed function of the 
adrenal cortex vary according to the age at which the dis- 
turbance arises. Apert makes five groups: (1) Cases in 


* Vincent, S.: Ergebnisse d. Physiol., 1910, X, 581. 

*Bulloch and Sequeira: On the relation of the suprarenal cap- 
sules to the sexual organs. Trans. Path. Soc. Lond., 1905, LVI, 189. 

‘Fibiger: Beitrige zur Kenntnis des weiblichen Scheinzwitter- 
tums. Virchows Arch., 1905, Bd. 181., H. 1. 

* Apert: Dystrophies en relation avec les lésions des capsules 
surrénales; Hirsutism et progéria. Bull. Soc. de pédiatr. de Paris, 
1910, December. 

*Launois, Pinard, and Gallais: Syndrome adiposo-génital avec 
hypertrichose, trouble nerveux et menteux d’origine surrénale. 
Gaz. des hép., 1911, No. 43. 

“Glynn: The adrenal cortex, its rests and tumors; its relation 
to other ductless glands, and especially to sex. Quart. Journ. Med., 
1911-12., V, 157-192. 

“ Hofstatter: Unser Wissen uber die sekundaren Geschlechts- 
charaktere. Centrbl. f. d. Grenzgebiete d. Med. und Chir., 1913, 
XVI, 37-420. 
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which the disturbance occurs in embryonal life, and is asso- 
ciated with a greater or less degree of hermaphrodism. 
(2) Cases with normal sex organs, but with too early and 
profuse development of bodily hair (hypertrichosis). (3) Pre- 
cocious puberty. Overdevelopment of hair and fat, but with- 
out trace of hermaphrodism. (4) After puberty. The 
menses disappear ; the bodily fat increases as does the hirsuties. 
(5) Later cases showing loss of hair, and overgrowth of fat 
at the time of the menopause. 

Glynn’s article deals with the relation of adrenal cortical 
tumors to sex. He finds that adrenal cortical hypernephromata 
are accompanied by sex abnormalities in children almost in- 
variably. They are usually so accompanied when occurring 
in adult women before the menopause; whereas after the 
menopause, and in adult males, they are never so accompanied. 
In pseudo-hermaphrodites, adrenal rests (or bilateral hyper- 
plasia) are much more common in the individuals that bear the 
female gonad. Tumors occurring in males after birth may 
cause marked bodily overdevelopment ; so that a child suffering 
from this condition may have the appearance of an “ infant 
Hercules.” This condition may also be associated with true 
sexual precocity. 

The sexual changes seen in acromegaly, and after experi- 
mental interference with the pituitary body,” furnish evidence 
that this gland also exerts an action over some of the sexual 
characteristics. It may therefore be supposed that there exists 
some interrelation between the pituitary body and the adrenal 
cortex, though at present the evidence of such is largely 
speculative. 

In view of the fact that such cases of endocrinopathy as the 
one here reported are almost surely due to an adrenal lesion, 
careful search was made for clinical evidence bearing on this 
special point. None could be found, however. The phar- 
macodynamic tests were negative, and no palpable tumor could 
be made out. Likewise, careful examination of stereoscopic 
radiographs of the skull showed a perfectly normal sella 
turcica. 

CONCLUSION. 

A case of female pseudo-hermaphrodism of the external type 
is reported, showing unusual accentuation of the secondary sex 
characteristics of the male. Judging from the literature, such 
cases represent an endocrinopathy of the adrenal cortex, surely ; 
possibly also of the pituitary body. 


“ Crowe, Cushing and Homans: Experimental Hypophysectomy. 
Johns Hopkins Hosp. Bull., 1910 XXI, May. 
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Sasin, F. R. 
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(Johnson), N. Y., 1915, ii, 581. 


Suarpe, W., and FARRELL, B. P. 
A new agegpiiee treatment for selected cases of cerebral spastic 
paralysis.—J. . M. Ass., 1915, Ixiv, 482. 


Surren, L. P. 
The Mg ag of Bacillus coli in pasteurized milk.—J. Am. M. Ass., 
1915, Ixiv, 1289. 


Sruon, C. E., and Jupp, C. C. W. 
Acute lymphatie leukemia ; on the coouuegnee of the Corynebacterium 
lymphomatosis granulomatose.—J. Am. M. Ass., 1915, Ixiv, 
The vacuum tube of Keidel, as applied to blood-culture work.—J. Am. 
W. Ass., 1915, lxiv, 822. 


Sisson, W. R., and THompeson, C. B. 
F riedliinder bacillus pneumonia : with report of cases.—Am. J. M. Sc., 
1915, el, 713 


Sisson, W. “17 and WALKER, I. C. 
pneumonia (Friedliinder type).—J. Exper. M., 1915, xxii, 


SLADEN, F. J. 
Indications found in the mouth, of value in the diagnosis of general 
conditions.—Proc. Soc. Oral Hug. € Periodontology, 1915, i. 


SLapDEN, F. J., and WINTERNITz, M. C. 
Venous thrombosis during myocardial insufficiency. Balto., 1915.— 
The Johns Hopkins Press., 40 pp, 


Stemons, J. M. 
Placental bacteremia.—J. Am. M. Ass., 1915, Ixv, 1262 
lbystocia due to a funnel pelvis.—Cal. State J. M., i915, xiii, 91. 


SLoan, M. F. 
bey —_- women as nurses of the tuberculous.—Am. J. Nursing, 
15, xvi, 
The great on d of poseneet facilities for negroes with tuberculosis.— 
J. Outdoor Life, 1915, xii, 128. 


JOHNS HOPKINS HOSPITAL BULLETIN. 


Stocum, R. B. 
Ovaritis in ‘yporae fever, with consequent amenorrhea and sterility. 
South. M. J., 1915, viii, 706. 
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Chem., 1915, xxiii, 123 
The effect (vdministration oa parathyroid tetany.—/J. Biol. 
Chem., 1915, xxi, 


STEARNS, T., W., and M. DeG. 
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Indigestion. (Editorial.)—J. Lab. &€ Clin. J} 1915, i, 142. 
Alkali salt therapy in anuria. (Editorial. Nex J. Lab. & Clin. M., 1915, 
i, 144 
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PROCEEDINGS OF SOCIETIES. 


THE JOHNS HOPKINS HOSPITAL MEDICAL SOCIETY. 
OCTOBER 18, 1915. 

The meeting was called to order by the president, Dr. W. S. 
Thayer. The election of officers for the ensuing year was then held. 
Dr. Hugh H. Young was elected president and Dr. W. A. Baetjer, 
secretary. 


1. The Ideal Operation for Aneurisms of the Extremity. B. M. 
BERNHEIM. 
To appear in full in a later issue of the BULLETIN. 


2. On the Toxicity of Various Commercial Preparations of Emetin 
Hydrochlorid. (Abstract.) R. L. Levy and L. G. Rownrree. 


The widespread use of emetin hydrochlorid in the treatment of 
amebic dysentery and of pyorrhea alveolaris makes desirable more 
precise knowledge of the toxicity of the commercial preparations 
employed. Two cases occurring in the medical service during the 
past year forcibly emphasize this fact. 


The first case was that of a syphilitic man of 56, who, because 
of a diarrhea, supposedly amebic in origin, was given, hypo- 
dermically, 29 grains of the drug over a period of 20 days. He died 
ten days after discontinuing the emetin treatment, with evidences 
of acute renal insufficiency accompanied by acidosis. At necropsy, 
syphilitic aortitis, chronic indurative colitis and broncho- 
pneumonia were the only findings of importance. 

In the second case, 2 grains were given hypodermically, during 
a 4-day period, to an undernourished anemic woman suffering from 
a severe grade of pyorrhea and gingivitis. A severe diarrhea devel- 
oped, with pus and blood in the stools, followed by a toxic delirious 
psychosis. On discontinuation of the emetin, recovery ensued. 

A dog was injected subcutaneously with some of the same 
preparation employed in the second case, and died with a hemor- 
rhagic gastro-enteritis, after three doses of 10 mg. each, given on 
successive days. 

Subsequently, studies were made on 62 animals, the series includ- 
ing dogs, cats and rabbits. Five commercial preparations were 
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investigated. Injections were made both subcutaneously and 
intravenously. The following facts were brought out: 

1. Various commercial preparations differ widely in toxicity. 
The therapeutic dose (mg. per kg.) closely approximates that 
necessary to produce toxic symptoms. 

2, When intravenously administered, emetin is a powerful 
cardiac poison, causing at times fibrillation of the ventricles, from 
which the animals may recover. It is also a circulatory and 
respiratory depressant. 

3. In fatally poisoned dogs, the characteristic lesion is a hemor- 
rhagic gastro-enteritis. Lesions in cats and rabbits are slight and 


inconstant. 
4. The factors of blood coagulation are disturbed in poisoned 


animals. 

5. There is found no evidence of renal insufficiency; a slight 
terminal acidosis is present. 

On reviewing the reported cases in which ill effects have followed 
the clinical use of emetin, it is apparent that diarrhea is an early 
toxic manifestation and that peripheral neuritis is one of the most 
frequently observed sequele, even after the administration of 
therapeutic doses. 

As a result of these observations, it is suggested that emetin 
preparations be employed with caution. It is desirable that the 
drug be given subcutaneously, in courses, at intervals of several 
days or a week. A third of a grain three times a day, for a week 
or ten days, is usually a safe dosage in amebic infections. Accord- 
ing to Bass and Johns, half a grain daily for from three to six days 
suffices in pyorrhea. Large doses should be avoided. Intravenous 
injections should be employed only in extreme cases. If this mode 
of administration seems imperative, small doses, well diluted 
(gr. ss. in 100 ce. salt solution) should be slowly given, and the 
blood pressure should be carefully observed during the injection. 


3. A Method for the Determination of Plasma and Blood Volume. 
(Abstract.) N. M. Kerrn, L. G. RownTREE and J. T. GeRAGHTY. 


In brief, the method consists in the introduction directly into the 
circulation of a given quantity of a non-toxic, non-dialysable dye, 
vital red, and the taking of specimens of blood within a few 
minutes for determining the degree of dilution of the dye. 

The patient is weighed (stripped) and the amount of dye to be 
injected determined on the basis of 3 mg. per kilo of body-weight. 
Before injection, a small sample of the patient’s blood is withdrawn 
and the plasma thus obtained is used in the preparation of the 
standard solution. At intervals of three and six minutes after the 
injection, specimens of blood are taken and the degree of dilution 
of the dye is determined colorimetrically by comparison with the 
standard solution. The latter solution is prepared by diluting the 
number of cubic centimeters of the dye injected in the number of 
cubic centimeters corresponding to 4 per cent of the body-weight 
in grams, the diluent employed consisting of one part of the 
patient’s plasma to three parts of normal saline. From the read- 
ing obtained on the colorimeter, a simple calculation gives the 
plasma volume. By employing the hematocrit values, the total 
blood volume is readily calculated. 

The loss of the dye from the circulation during the short period 
of the test is very small. The dye cannot be found in the tissues 
and evidence from numerous experiments prove that little, if any, 
is taken up by the red or white blood cells. In dogs, traces of it 
appear in the urine and in the lymph flowing from the thoracic 
duct at the end of ten minutes. The fate of all the dye has not 
been determined, but considerable amounts can be found in the 
plasma for three or four days following the injection of 3 mg. per 
kilo. : 

Repeated determinations on the same individual yield practically 
identical results, the maximal variation being within 5 per cent. 

The average figures in normal individuals indicate that the 
plasma volume is 50 ce. per kilo, or one-twentieth of the body- 
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weight, while the total blood volume amounts to 85 cc. per kilo, or 


about one-twelfth of the body-weight. 


Clinical studies show that in obesity, as previously observed by 
Haldane and Smith, the blood volume is much below that of the 
average normal individual. In diabetes and in essential hyper- 
tension, the values obtained are within normal limits. In preg- 
nancy there is a large increase in the blood mass, which does not 
disappear until from seven to ten days after delivery. 


DISCUSSION. 


L. F. BARKER: It has long been desirable to have a method that 
would permit us accurately to determine the blood volume. Dr. 
Rowntree has referred to the methods that have been in use. 
None has been wholly satisfactory. Still the results that were ob- 
tained by some of them would indicate that Cohnheim was wrong 
in asserting that plethora and oligemia do not occur. If this new 
method is accurate, as it seems to be, we have in our hands a means 
of studying the plethoras and the oligemias carefully. I have not 
read the article, so do not know whether cases of polycythemia, 
nephritic hydremia and chlorosis were dealt with. These are 
cases in which an outspoken plethora has been found to exist. 

In polycythemia rubra, a blood volume at least twice as great as 
normal has been found. It is a remarkable thing that with the 
plethora in polycythemia, in which the volume of blood is doubled 
and there is an increased viscosity of the blood, the heart is not 
hypertrophied. One reason for this would appear to be that the 
blood corpuscles are smaller than normal in polycythemia. More 
important still is the fact that the minute volume of the heart is 
diminished, so much so that the duration of the total circulation is 
really prolonged. The result is that the heart does not have more 
work to do, although it would seem a priori that it would have 
more to do. In chlorosis, sometimes as much as three times the 
normal blood volume has been reported to be present. 

On the other hand, in the oligemias, in which there is a dimin- 
ished quantity of blood, some interesting observations have also 
been made. Dr. Rowntree has referred to conditions in which there 
is a decrease of red cells and an increase of plasma. In starvation, 
there is a true oligemia, and sometimes also in chronic inanition 
and emaciation. Perhaps the most interesting group of oligemias 
is that of the so-called “ pseudo-anzmias.’””’ Anyone who has made 
many observations upon pale-looking patients has been struck with 
the fact that in many of them there is a normal amount of 
hemoglobin and a normal blood count. The question has been 
raised in such cases: Is there a true oligwmia? or, Is some other 
factor responsible for the pallor? Sahli thought that a good many 
of the cases could be explained by a change in the distribution of 
the blood in the body, without change in the blood amount, the 
skin and mucous membranes having a lessened supply; or that the 
transparency of the skin and mucous membranes was less than 
normal, so that the blood pigment did not show through. However, 
studies by Morawitz and others indicate that in many of these 
pseudo-anemias, especially in the tropical pseudo-types, there is a 
true oligemia. 

The opportunities for the application of this method described 
to-night are manifold. We may now approach the study of plethora 
on the one hand, and of oligemia on the other, with the hope of 
solving some of the questions that have hitherto been in dispute. 
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Votume IT. 
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Fevers of Baltimore. By W. S. THayer, M.D., and J. 


The Malarial 
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Studies in Typhoid Fever. 
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Structure of the Malarial Parasites. Plate I. By Jesse W. Lazpar, M. D. 
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a Consideration of the Accessory Etiological Factors in these Condi- 
tions, and of the Various Chemical and Microscopical Questions 
involved. By THomas R. Brown, M. D. 

Cases of Infection with Strongyloides Intestinalis. (First Reported Oc- 
onan in America.) Plates II and III. By Ricnarp P. 

TRONG ™M. 
On the Pathological Changes in Hodgkin's Disease, with Especial Reference 
its to Tuberculosis. Plates IV-VII. By Dorotrny M. 
EED, M. 
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